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INTRODUCTION. 



Some ten years since, through the invention of an, itAlninreni tov weighing 
tbe;:^ower required to driye machinery, I became inte*esi;ed in tti^r^efiting-olf Sutj - 
bin& water wheels. Previously such tests had only been possible for the wieal;]]^. ; 
Tihe apparatus used for the purpose, though expensive, waf!f3ruil$,^elum8v; anjl 
wiAliable, while the formulas for computing water used w^re <tediouiC>fbr the ini- 
tiated find impossible of application by the multitude, con8egi>9ntly'i[eWi[>f 4bt:»d 
utlng wheels were able to demonstrate the absurdity of t^he fa^'jilousjblaiins oA^Cie . 
by the most of the turbine build rs, and for years confosWm 'hid; k«ixWd,>llk<^^^ 
li^iiifong to the manufacturer and honest builder. Years of experience that Will 
be mentioned in the last part of this work made me fully aware of the task it would 
be to bring order out of such confusion ; still the attempt was made, and has since 
been continued without a thought of abandonment. Those who have only wit- 
Ikessed the test of turbines at the Holyoke flume have little idea of the operation 
M conducted by engineers of the pa^t; barrels of oil and a small army of assist- 
ants were required, so that the cost run up into the thousands. The average cost 
per wheel in 1869 was $2,500. The superintendent of the Niles Iron Works of Cin- 
cinnati, 0.,came to me at Lowell, in order to make arrangements for the test of a 
Kindleborger wheel; he offered $600, but under the then existing conditions it 
-•oald not be done. Weeks and even months were consumed in the test of a 8in<;le 
Wheel. The experience that year convinced me that such expenditures of time 
%nd money were entirely unnecessary, and plans were soon completed for demon- 
strating that fact. Many ideas then prevalent had to be considered. In the first 
{>lace, a testing flume with suitable apparatus was an expensive affair, while my 
means were very limited ; then again it was supposed by all, that wheels of the 
same make were all of the same proportional efficiency, so that each builder 
would only need to have one wheel tested, consequently the patronage would 
be very irregular, while the expense would be constant, as experir-nced help 
would be required, and such help could only be retained by constant employment, 
or at least constant pay ; the latter difficulty was surmoui.ted by doing all of the 
most difficult and hardest work myself, simply employing a laborer for each test, 
while my daughter timed; kept the records of gauges during the trials, gave me 
the power every two minute*, in order to enable me to change the wci;rht cor- 
rectly, then made the computations and copied the results. This continued for 
a year or more; then Miss Charla A. Adams. '* Charla" succeeded my daughter, 
and such success as I have had in aiding the improvement of turbines, by ena- 
bling builders of small means to ascertain the exact value of their numerous 
plans, and establishing the testing system, is due in a great measure to her un- 
wearied patience, care and attention. She has had the entire mathematical part 
of the work to do. not only of the tests, but that necessary for the preparation 
of a large portion of the tables published in this work ; she h is kept records of all 
tests, and prepared numerous copies of the same for pubV\c Vu^WVwWox^s. «.\v.^ i<Qit. 
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Holyoke and Its Water Power. 




Some eighty miles from the mouth of the beautiful Connecti- 
GOty almbst in the shadow of Mounts Tom and Holyoke, there 
Ib a fail of nearly sixty feet in a short distance that once formed 
wfaftt was called the ** Great Rapids," near which, from time imme- 
l, the aborigines of the country gathered in great numbers in 
of fish and game; and until within a few years ** Indian 
ses " have dotted the banks that are now covered with mills ; 
itldfted, Indian skeletons, implements and arrow heads are often 
felAld in the vicinity at this time. Near the foot of the falls the 
litht makes a sharp turn to the right, and in this curve is situated 
fiMseity of Holyobe. In 1831 this place was a part of West Spring- 
field, knoi#n as "Ireland Depot," with but few inhabitants, and 
thofee of -but little account. In that year the Hadley Falls Co. was 
fbrmed, and a small cdtton mill of 4000 spindles, (known until 
recently as Hampden, Jr.,) was erected, receiving its power through 
a canal, and wing dam running obliquely up the river, which at this 
point is wide, with rock bottom. A power so immense and conven- 
ient to the business centers of the country was not likely to escape 
the notice of capitalists. The volume of water flowing in the river 
in ordinary seasons, was found to be about 6000 cubic feet per sec- 
ond, or for the fall about 30,000 h. p. ; but allowing one-third dimi- 
nution for the driest seasons the available minimum was rated at 
20.000 h. p. In 1845, it was decided to construct a dam across the 
river, and one with a base of CO and a height of 30 feet was 
completed Nov. 19, 1847, but before filling to the top it rolled over 
^nd went down stream ; this was a severe loss, but the experience 
was valuable. The dam now standing was completed Oct. 22, 
1849 ; it had a base of 80 and a height of 30 feet, the upstream 
incline having a face of 90 feet besides gravel filling at base. 
The dam is constructed of timber 12 inches square, crossed and 
bolted, the openings filled with stone. As the bed of the river 
is rock it was not supposed that the overflow would wear to any 
perceptible extent, but in 1868 it was found that cavities from 



8 to 25 feel in depth had been cut close up to the dam, and i; 
years 1B6S, '(>9 and '70 the Holyoke Water Power Co. made expen< 
dilurea amciunling to 9^00,000 — in the constraetioo of an aproit'^ 
of heavy timber work filled with utone — to fill the Bpace caused 1^ " 
the action of the water Tliis apron ia united to the dum In tl 
Btnmgcat manner poasible, is GO feet in width and 63 in height^, 
its base reeling 22 feet below that of tlie dam. Starting froi 
crest, which is plated with iron, the apron elopes down stream i 
to the waler below. Tlie wholu stnipturo 'u now ISO feet wide, 3 
feet high from bed of river and I0I9 feet in length between aim 
nienta, and perraajient beyond cluince for donlit. The present Watoil 
Power Co., G. M. Bartliolomew, President, W. A. Chase, Agent BJ 
Treasarer, was established some time after tile fiiilureof the E 
icy Fulls Co. in 1857, the change infusing new life and energy ir 
the multttudinnuB improvements then contemplated, and since c<: 
tinned with such magical results. In ISCl the valuation of Holyokf 
was 92,270,439; population, 8, fiOO; nt tlie present time the lali 
tinn is nearly $10,000,000, while the population ia about 19,0 
The system of canals is laid out on a scale commensurate with U 
vast volume of water (o be distributed. There are three lerels <^ 
canals, with a total fill of 56 feet. The main artery of the system 
st&rting with a width of 140, and a water depth of 22 fe 
extends eastward past the great -waste weir about a thousand ti 
and then sweeps southward in a right line for a distance of mt 
than a mile. The second level canal extends northerly for a m 
and more parallel with the first, and WO feet easterly fO 
if, and thence easterly and southerly fur u mile ntkd a quan 
more, at a distance of about 400 feet from the river, this margin) 
portion of the second level affording mill-sites along its who 
length, from which the water used passes directly into the rivt 
The third level canal, 100 feet vrido and 10 ffet deep, is also & rai 
ginal canal, with mill-sites along Its entire length, and exten 
8,5.^0 to the other terminus of the same canal, thus making wi 
the latter, a line of marginal canala, around and near the whs 
water front iif the city. The cost of unfjiliag water-power, attl; 
point, compared with steam-power is well shown in the followi^ 
article : 

"Like other commodities which are bought and soid, water-pow 
here has its own unit of measurement, called a mill-power, whs 
ia thus defined in the deeds of the Holyoke Water Power Coa 
pany :— 
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*Each mill-power at the respective falls is declared to be the 
"ight, during sixteen hours in a day, to draw from the nearest canal 
>r water course of the grantors, and through the land to be granted, 
38 cubic feet of water per second at the upper fall, when the head 
there is 20 feet, or a quantity inversely proportionate to the height 
at the other falls.' 

Thirty-eight cubic feet per second under 20 feet head is 89.77 
horse-power, 80 per cent, of which is 71.81 horse-power that may 
easily be realized by the use of good wheels. When a site for mill 
or shop is taken, the requisite power is conveyed to the occupant 
by an indenture of perpetual lease, the form of which is never 
varied. The last purchaser takes the same rights in kind as those 
who have preceded him or those who will come after, until the 
«ale8 shall have reached that safe limit of available power, which 
has been resolved upon. Having entered into such an indenture, 
the mill-owner, relieved of all anxiety or expense of maintaining 
*he dam and canals, confident of the permanence and safety of the 
great hydraulic system, and secure in the guarantees of the corpor- 
ation which controls it, pays his semi-annual rental, finds the 
canals always full at his head-gate, and makes his plans and con- 
tracts with the assurance that his due allowance of motive power 
will be always forthcoming — a power which is furnished at a rate so 
cheap as to be almost nominal, when compared with the prevailing 
rates of rental in other parts of the country, or with the cost of 
water-power derived from streams of the average size. The annual 
rental per mill-power is 260 ounces of silver of the standard fine- 
ness of the coinage of 1859, which is in practice paid in current 
funds, and amounts to about $300 a year, or $4.17 per horse-power, 
an expense so small as to be hardly an appreciable item in the cost 
of any manufacture. The prices charged for water-power vary so 
widely in different sections of the country, and the comparative 
value of such power depends so much on locality, accessibility and 
other natural conditions, that no stated comparison is here attempted 
between the annual rental above given and the ruling rates else- 
where ; but if the reader takes the trouble to institute such a com- 
parison, it will not only be found that the cost of water-power here 
is far less than the average rental throughout the country, whether 
paid as water-rent or in the form of interest and maintenance, but 
Jtlso that to-day, all things considered, Holyoke affords the cheapest 
manufacturing power in the world. 



Such is the cheapness nf power at this paint compared t 
■water-power elsewhorB, that it U needlesB to speak at length 01 
relative cost of steaiu-pawer, wiiich is, 
the localities most favorable for ita nae. Assuming, however, t 
Btcam is Benerateii economieaUy, anil nseil ia tliat very e 
form of steam-engine, known as thi? Cornish condensing e 
will require the coiuumptian of 2.38 pounila of coal per hourl 
each horse-power obtained, anil if the price of coai is taken a1 
gross ton, the Bnnaal cost per horse-power will he 4I31-S3 
hours' use per day, ugajnat 84. IT, tlie cost of tlie Bamu power h 
or nearly TJ^ times as much, exclusive of expense of ( 

But not one in a, hundred of those using steam-power obtain tr 
economical results as are assumed above, or even approxi 

The report of the Chief Engineer of the Philadelphia 
Works, for 1376, gives data ahowinij; that the cost of raising w 
to their reservoirs by steam-power, coal being $5. IS per t 
exceeded iJie cost by water-power, on the average, six-fold, e 
can be safely asserted, on good authority, that the average ci 
Bteam-power for manufhelnring purposes in the United States, i 
least 7 times the cost of water-power hero, making an aggreg^ 
saving in Civot of the present mill-owners of Holyoke of 9. 

The eonstrucljons for creating and maintaining the watei 
liere are safe and permnnent beyoml all hazard of tailur 
power obtained is steady and unfailing Ibr every duy and se 
the year. 

The long lines of canali are always fnll to the prescribed gi 
murk, a. constant quantity in time ot winCi 
druaglits, making a pleasant and prufttable 
encc of the manufaetnrera who liave removed hither from w 
powers which fluctuate between abundance and scarcity. 

The railroad facilities of Holyoke are Qrst-class, there being (N 
pcting routes to New York, Boston and other important point*, I 

The manufacturing establishments now located here, i 
duce about liO tons of paper of ail kinds, over C,000 doKeu 
thread, and IC.OOO pounds of cotton ikbries, besides large smog 
of woolen and silk goods. There are also manufactories ofnj 
fry of all kinds, screws, cutlery, rubber, > 
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The rates of the principal Water Power companies of the country 
are here given for the convenience of those interested in such mat- 
ters. It will be seen that a "Mill-Power" is a rerv indefinite 
• matter, and it may be well here to give its origin, which is as fol- 
lows : Early in the present century, there was a mill at Waltham, 
Mass., containing 3,584 spindles; the company owning that mill 
colonized Lowell, and the supposed power required at the Waltham 
mill, was that fixed upon as a "Mill Power" at Lowell, which is 
here given : 

Lowell, Mass. 

Each mill-power or privilege nt the respective falls is declared to be the right 
to draw from the nearest canul or water course of the said proprietors so much 
water as* during 15 hours in every day of 24 hours, shall give a power equal to 
^ cubic feet per second at the great fall, when the fall there is 30 feet, or enough 
to give the same pow^er at any of the other falls. The whole ovmed by the Com- 
panies, none to let or sell. 

Offick of Essex Compamt, Lawrence, Mass., Jtme 16, 1877. 

Jaxis Emebson : Dear Sir :— Your letter of this date is at hand. A " Mill 
Power '* at Lawrence is defined to be the " right to draw so much water as shall 
giye a power equal to 30 cubic feet of water per second, when ihe head is 25 feet," 
s>r not more than 16 hours in each day of 24 hours. For this the charge is an 
annual rent of $1200. and this is at the same rate for small as well as large water 
takers. This is 85 gross h. p. for $1200=$14.12 per h. p. of water. It might be 
a fftir general statement to say a horse power by steam would cost 50 or $60 a 
year more than a horse power by water; but this would be modified by circum- 
stances. Yours truly, 

HiRAX F. Mills, Engineer. 

U. S. BUNTINQ COHPAMT, LOWELL, MASS., Aug. 1, 1877. 

Mb. Jaicbs Emebson : Dear Sir .'—Replying to your favor of June 16th last 
to D. W. C. Farrington, I hare to say with regard to the subject upon which 
you made inquiries of him, that it is the custom of the Wamesit Power Com- 
pany of Lowell to let floor room to their tenants at a stipulated sum, depending 
upon location, Ac, &c. ; and then the power is hired at $75 per year, per horse 
power extra. When anv question is raised on either side as to the power actu- 
ally used, we apply a Dynamometer of your make, and measure it as near as 
possible. 

Walter H. McDaniels, Supt. 



Office of American Print Wobk8» 
Fall River, Mass., June 18, 1877. 

jAKBt Emerson : Dear Sir :^Your favor of the 16th inst. is at hand. In 
reply would say, that the water-power in Fall River is not let, but the stock in the 
Watuppa Reseryoir Co., which controls the water-power, is held by the several 
Corporations using the power in proportion to the height of tbeir respective fall$>, 
and no charge is made for use ; but the expense of maintaining the Reservoir 
Company is borne by assessments upon the several Corporations, from time to 
time, pro rata, according to heifirht of fall of each. There is but a single outlet 
from the Reservoir. The total fall from Reservoir to tide water is 128 feet ; and 
the mills are located one below another, so that they each get precisely the samo 
quantity of water, as each mill takes just what the one above it delivers. The 
quantity is about 122 cubic feet per second. I am just now unable to give an 
answer that would be satisfactory to myself as to the comparative cost of water 
and steam-power. 

Yours truly, 

Thos. J. Borden, Treas.^ 
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„ ordinary slide ralye enjcine, such as we use, costs about $27 per day ** 24 
lours " for 100 horse power. If I can giye you ftirther information, will cheer- 
fully do so. 

Very respectfully, 

JOHH 6. Lows, Sec'y & Sup't D. H. Co. 



OuBATOXTO Water Coxpant, 
BiKxiNGHAX, Conn., July 16, 1877. 

jAins EnBSON : Dear Sir .'—Tours of the 14th is at hand. Our terms for 
the rent of water, per year, are $250 per squnre foot, 12 hours per day,— one 
square foot beinsr a discharge of fiye cubic feet per second. We use the weir 
measurement adopting J. B. Francis' formula for the computations. What we 
desisrnate as a square foot of water under our head is equiralent to 12.5 horse- 
power, in short $20 per horse-power per year is about the cost of water here. 
With reference to lot and buildings, the Company offer inducements in propor- 
tion to the desirability of the business to be located. 

Respectfully yours, 

D. S. Brinsxadk, Secretary. 



Windsor Locks, Conn. 

Usual head 24 to 28 feet. Water rented so mach per inch, yearly, price Tary- 
ing with date of lease ; extra water now charged at the rate of from two to two 
and a half dollars per inch; quantity determined by apertures through iron 
plate ; apertures, parallelograms with parellel interior edges, center of aperture 
to be 2>^ feet below the surface. 



Unionyillb, Conn. 

Water rented as follows : The one hiring to be entitled to such quantity as can 
be drawn through an opening one foot square, the center of the opening to be 
under two feet head ; I think the power is now owned by the seyenu companies, 
and that there is none to rent. 



CoHOVS, N. Y., July 14, 1877. 

Jamkb Exbrson: Dsar Sir:— Tour fayor of lOth inst. to hand. I under- 
stand the charges of the Cohoes Compauiy to be $200.00 per Mill Power per year, 
or $20.00 per horse power which includes use of water and rent of land. The 
leases define the term ** Mill Power,'* as ** a Water-Power equiyalent to the 
power giyen by the dischajrge and use of six cubic feet of water in each second, 
when the fall is 20 feet.** 

Yours truly, 

Wh. T. Horrobin. 



Office of the Ditndee Water-Power & Land C0.9 
87 Leonard Street, New York, July 12, 1877. 

James Emerson: Dear Sir:— Your letter of 10th inst., receiyed. The 
Company leases its Mill Sites with one or more " Mill Powers." charffing $700 
per year for each Mill Power. This price includes the rental of Mill Site. By 
one Mill Power is conyeyed the risrht to draw from the nearest race-way or canal 
^H cubic feet of water per second, fall of 22 feet. 

Respectfully, &c., 

M. Walker, Secretary. *► 

Turner's Falls, Mass. ^ 

Rent per year for each h. p. of water used $7.50 or about $10 for each h. p« 
that may be utilized by the use of good water wheels. 
2 



Water MeaBurements. 
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demonstraled In Ev.insF^' Work on MUling', Hydrau"™ic!,''''publi«bc^'»i 
in prepBriM a work that was to be offered to (he public as a irnide in auc] 
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that the pDblisher had im Improasioa that there was a difleience. 
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8. The less the head or pressure, and the larger the aperture, the less the ratio 
of the friction; therefore, 

4. This friction need not be much regarded, in the large openings or apertures 
of undershot mills, where the gates are from 2 to 15 inches in their shortest sides ; 
but it very sensibly affects the small apertures of high overshot or undershot 
mills, with ^eat heads, where their shortest sides are from live-tenths of an 
inch to two mches.* 



"Horse Power." 



Is one of the most common terms in use amongst manufacturers and engineers, 
and means sufficient force to raise 83,000 pounds one foot per minute. A large 
proportion of hydraulic computations have to be reduced to this term to render 
them generally intelligible ; such being the case it would seem more practical, 
simple ai d sensible to oase leases of waiter power upon the discharge of a given 
number of cubic feet per minute, and the same of kindred calculations. Compu- 
tations ( f such matters per second necessitate the use of numerous decimals, and 
these have such a fascinating effect upon the average engineer, that the close 
observer is led to believe that more skill and care is often displayed in elaborat- 
ing the decimals than in gaining the data to work from. 



Percentagre of Dischargre. 



The discharge of a turbine in proportion to its openings depends upon its con- 
struction. With those of a central discharge it is the least ; with such wheels of 
fair efficiency it is likely to range between 40 and 50 per cent., with outward dis- 
charge. 60 per cent, and upwards, while with those discharging the water down- 
wards it averages about 55 per cent, llie chutes of a curb are made much 
larger at their outer than their inner ends, consequently, can pass much more 
water than the wheel will discharge, though the openings of the wheel may be 
somewhat the largest, so that the openings of the wheel govern the discharge. 
In th<^ past, engineers have expended more time inventing impo^fiibilities and 
hair splitting theories than in determining by simple tests points in dispute easy 
of solution. It is hardly possible that a case can ever arme in milling matters 
that a really intelligent engineer cannot readily solve the difficulty, and make it 
so simple and plain as to give no excuse for litigation, and what is more to the 
point, in many cases both parties can be benefited at a tithe of the expense 
caused by a suit at law. If there is a difference of opinion about power used, 
the matter may readily be determined, as may be the case if the dispute is about 
the quantity of water used ; and the power of steam is as readily determined as 
that of falling water. A few plans tried by myself are here piven : 

"DI8PUTB ABOITT BFPICIEKCT OP TURBINE." 

Thomas Harris, of Providence, B. I. expended something like $9,800 experi- 
menting with four Leffel wheels in a mill at Putnam, Ct., head of 28 feet. A 40- 
inch wheel was tried first, then a dei per whocl, same size, then a 48.inch wheel, 
then a second 48-inch of extra depth; the speed of looms could not be got above 
126 picks per minute. I was called in to test the power and select a suitable 
wheel. By stopping eleven spinning frames the rest of the machinery was 
brought up to speed. The wheel was then tested and found to give 186 h. p. 
Allowing 17 h. p. for the eleven spinning frames, and 20 additional Tor cold morn- 
ings and backwater. I selected a wheel of 220 h. p. since that wh« el was 
placed in the mill, the production lias been inert as« d lOOO yards per day. 40-inch 
sheeting, whiln the discharge of water has been one-fifth less than required for 
the Leffel wheel. The expense of changing, my charge included, was $1,500. 
~^— "- I — "^ 

*This seenns to be proved by Smeaton, In his experiments; (see table, Art. 07 ;) whore, when the 
head was SH inches, the sluice smnll, drawn only to the flrHt hole, the velocity was only such as is 
assigned by theory to a head of 15.85 Inches, which he calls virtual head. Kiit'when the sluice was 
larger, drawn to the sixth hole and head 6 inches, the virtual head was ti.Xi inches. But seeing 
there Is no theorem yet discovered by which we can truly determine the quantity or effect of the 
friction according to the size of tlie aperture and height of the head, wc cannot, therefore, by tht 
ettablished laws of hydrostatics, determine exactly the velocity or quantity expended through anf 
■mall aoeitare ; which renders the theory in these cases but lltUe beltei than coa^ocVixt^. 
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M may be seen in sketch; this is near the head of one of the branches of the 
rirer which tbroia the island. Dean's taimery was afterwards located on the 
race 6; the dotted line 3 represents the dam therefor; the crest of this dam was 
about level with the bottom of the saw mill wheel pit; flush boards were used to 
ndse the dam still higher, as the bed of the scream above was then so high as to 

Ere vent flowiige back into saw-mill pit as claimed by Mr. Dean. There seems to 
ave been a dispute about the right to use the flush boards, though it was cou- 
eeded that they were almost cuustauily in use, thuuuh at times removed when 
power was not required at the tannery. Aft'^rwards Mr. Dean purchasi d an old 
fulling mill privilege, and moveU his tannery further down stream ; erecting a new 
dam which is marked 5, the water bemg conveyed to taunery through the race 8. 
The dotted liue 4 represents the fulling mill dam but little of which remains.though 
there is sufficient to show that it was at least 5 >^ inches higher than the new dam, 
the crest of which is six or seven iuches higher than the floor of wheel pit in what 
is now Brown's paper mill; the stream over the new dam is 38 >^ feet iu width; at 
the old tannery dam it is considerably narrower. The crest of the o.d dam is 
removed, still the foundation is but a little lower than the crest ol the new dam. 
Two 44.inch Swain turbines, 1 and 2, have been placed in Brown's mill to drive 
the machin.-ry ; these take the water from the pond p, through the sluices shown; 
the dischatfi'e from the upper one passes down through arched races 7, 7, and is 
discharged below the lower turbine into the main race, which is here but a little, 
if any, over 14 feet in width ; this race has rough stone side walls. These wheels 
nnitedli^ discharge from 125 to 138 cubic feet ol wa er per second; and the depth 
in race is 25 iuches where the width is 14 feet; 233^ inches where the width is 18 
feet, and still less as the width increases ; as it flows over the new dam it is but 
nine iuch:-s in depth ; the velocity is much greater below the old tannery dam thau 
above. Mr. Brown claims th it the new dam backs the water on to his wheels; 
to prove this, witnesses testify that until the new dam was constructed there 
never was auy water in his wheel pit when his gates were closed, but now there 
always is. It was proved by Brown's witness that in race 6 Dean had 5>^ to 6 
ft. head, and he now has but 5, while he discharges into the river much lower down, 
Mr. Brown denies that the race has ever been lowered, but th'i bottom is now 
composed of small pebbles and gravel, while for miles, above or below the mill, 
the bed of the river is literal. y paved with stones rounded by attrition, varying 
in size from two inches to as mauy feet. With a discharge f. om good wheels of 
138 cubic feet per second, the depth over a 14 foot weir would be 25 inches, so 
thjit it is plain that Deau's dam is not the cau<e of the depth in the tail race of 
Brown's mill. That there was no water in the saw mill pit while Dean's mill was 
at race 6 is readily accounted for from th j fact that that race drained the saw mill 
pit while it was open, but that race was flUed up when the new dam was con* 
structed. The water in the pit since, when wnetl gates are shut, is simply 
HtandinQt not backwater. Though denying that the race had been lowered it 
was not denied by Mr. Brown that the boulders had been cleared out of the race, 
and of course it would have been us. 1 ss to remove these boulders unless they had 
obstructed the discharge from the mill above. From the chat acter and tone of 
Brown's witnesses it was evident that tliey were sincere in their statements ; but 
n iture furnishes better evidence that the tail race had bcvU lowered, also, that if 
Dean had a right of 5>^ to 6 feec head at race 6 he could not possibly encroach upon 
the privilege above, with a 5 foot dam at race 8. I was not called into the case 
until the day before the trial commenced, and had no knowledge of the place 
before, so that I was unable to account for the water standing in Brown's pit 
after Dean's new dam was constructed, until it happened to be mentioned that 
the race 6 was filled up as soon as the taunery was moved to the new dam ; then 
the cause became plain, but it was t jo late to explain, and the fact is only men- 
tioned that lawyers ent^aged in such cases may understand that standing water 
in a wheel pit is benedcial instead of injurious. As the wheels in Brown's mill 
discharge double the water used by Mr. Dean, it would have been much less 
expensive to have furnished Mr. Dean with a larger wheel so that he could have 
obtained more power even with less head. 



Vexatious Waste of Water, 



One of the most vexatious greivances suffered b^ manufacturers arises through 
the following circumstance.^. Suppose a dozen mills to be located within a short 
distance upon the same fall, one above the other; eleven of them have wheels 

/ 
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"What is the Beal "Working Head? 



What is a Square Inch of "Water? 



a (iream au lui:a square, le.lH feet in lenglh, per second; (at & head sf a' hut 
feet. H fllream iin inch ninar.>. 80,35 feet lu length, pec second. To turtl thU 
cubic feel, niiiltiply by 13, then divide by 1728. 



Pressure of Water on Dams. 
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Loss of Head through the Use of Small Conduit. 

I 

A belief prevails among turbine builders that where the water approaches 
a wheel with perceptible velocity that tliere is a corresponding losi of head 
so that the wheel can not transmit the power due the head. iSuch is not my 
belief, for there seems to be no good reas m for ignoring ths momentum gained 
by such velocity, that is within rcasouable limits. The woolen mill of Beebe, 
Webber & Co., of Holyoke, is located below the second level. Jlead varies f/om 
eleven to twelve feeu Originally the use of only five sets of machinery was 
contemplated. The water is brou<;ht to the mill through a round wooden trunk 
75 feet in length, with an inside diameter of 57 inches. The wheel pit is circular, 
14 feet in diameter, and 2^ feet in depth. A five foot Tyler Scroll wheel had 
been used fourteen years, but was unable to transmit sufficient power to drive 
the eight sets of machinerv now in the mill, and it was found to be necessary to 
obtain more power, but the small size of trunk and shallowness of pit caused 
wheel builders to hesitate, throuifh fear that the loss from head would more than 
equal any gain that could be obtained through increase in size of wheel. I rec- 
ommended the use of a 60-inch turbine, and the builders, Messrs. Fales, Jenks & 
Sons were induced to guarantee eighty-five horse-power under the existing coui 
ditions. The wheel was set and my brake applied. Before the gate was opened 
the difference between the level of the two canals was founa to be 11 feet, 8 ^ 
Inches. For that head I calculated that 4000 pounds should balance the force of 
the discharge with the gate open and the wheel hold stationary by the brake, 
and on opening the gate that weight which had bsen put on the beam was found 
to exactly balance, though the head on the wheel was L-ss than ten feet. Under 
ordinary conditions th '. wheel used will carry at its best speed exactly half what 
it will balance when held stationary by the brake ; but th'^ velocity of the water 
seemed to change its character somewhat, for it gave its highest result, 88.66 h. 
p., carrying 1900 pounds at 77 revolutions per minute; its tabled speed was sev- 
eral revolutions less ; at that speed the head as shown by a glass tube inserted 
in penstock directly over the wheel was found to bj 10>^ feet. 



Turbine Builders* Theories. 



It is an old theory in turbine building that turbines should carry about half what 
they can lift when held stationary; with gate opened in full, the Houston wheel 
almost invariably does so, and there are a few others that approach that rate, 
while there are many that do not. Many of the Risdon wheels run with three- 
fourths of what they can lift. Some wheels will run with, say, nine hundred 
pounds, and only lift one thousand. A few days since a wheel was broueht to be 
tested ; it was set and tried first while held by brake ; gate opened in ftul, it bal- 
anced 470 pounds, head 18.59 feet, discharging 928 cubic feet per minute. It was 
started with 300 pounds making 178 revolutions per minute, and discharging 1241 
cubic feet of water; weight was gradually added, the speed decreasing with 
each addition, while the discharge increased. Discharging 1289 cubic feet, it 
made 124 revolutions per minute and carried 475 pounds. It was stopped b^ 
brake, then of course could not start until partially unloaded. It will be obvi- 
ous to all that the more surplus lifting power a turbine has the steadier it will 
run under sudden changes produced bv adding or throwing off machinery; the 
wheel was a central discharge, Builders starting with such are behind the 
age. 

A Proposition of Seeming Equity that has no 

Merit. 



\ 



A common proposition, and to those unacquainted with the subject a seem- 
ingly fair one, is that two turbines shall be connected together and their merits 
determined by ascertaining which shall drive the other. Such a test would be 
perfectly worthless. The pitch of the buckets of one might be such that it 
would under the head tried carry 100 pounds, and make 200 revolutions per min- 
ute, while those of tiie other might bo such that it would carry 200 poimds and 
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Higrhest Possible Results Guaranteed. 



For years past tarbine builders of a certain cla«s have tmhesitatingly promised 
what they well knew at the time their wheels could not do. The practice has 
been so Kcneral th:it even in court it has been offered and rather accepted as an 
excuse, th:it though the wheel only accomplished one-half what was promised, 
the guarantee was no more extravagant than the average turbine builder would 

Jj^ivei simply because there was no mean-* within the reach of ordinary builders 
or determining such matters. The case is very different now and purchasers 
are less inclined to submit, or juries to excuse, and builders will do well to take 
heed accordiagly. It has been my lot within two years to be employed as expert 
in four different cases iu which the same buUdcr has been Interested. 



(( 



Chippingr Buckets." 



Has been mentioned frequently in these reports ; the plan has been tried with 
many kinds, not always successfully; it does not have much effect on the |Bisdon 
wheel, the reversed curve* of the buckets of th it wheel seeming to an^wtr the 
tame purpose. Cbipping away the edge of buckets reduces diameter of wheel 
above the bottom of chutes, so that its speed is usually inc: eased thereby^ 
(See Tyler's tests.) While increasing whole gate results it usually injures the 
wheel at part gate. It would seem tnat where the edsres of the bucke's extend 
close to end of chutes that thev act like a fan.or rotary pump and draw the water 
into the wheel. Chipping the buckets away often n-duces the discharge. Increas- 
ing gate opening does not increase discharge beyond a certain limit, though it 
may nave go:d effect by changing direction of water through the chutes. 



Tight Gates, or Good Part Gates. 



' Probably a hundred objections have been made to wheels with leaky gates 
where one has been made to those only reasonably efficient while working with 
gate opened in full, which can never be the case if a governor is necessary. The 
most leaky, fly-trap gate in use can not waste more than four or five per cent. , 
while the Boyden, Houston, Collins. Hunt, Geyvline and many other wheels of 
the same nature waste from 25 to 50 per cent, daily, if run from one.third to 
three-fourths gate as wheels are often used. 



Variation of Turbines. 



One of the mo«t difficult matters in relation to turbines, is to make purchasers 
realize the fact that wheels made from the same patterns vary exceedingly in 
usefol effect; yet it has been well understood for twenty years past that a tur- 
bine doin^ well in a mill affords no guarantee that another of the s ime make 
will give equal satisfaction in another mill; hence the uncertainty that has pre- 
vailed for years past. My report of tests will show this to be the case with 
wheels of all makes. But a few 8p->cial cises are given here : The Tyler wheel 
first; a SO-inch flume wheel tested April 20, 1876. 



Remarks. 
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H.P. 
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Per 
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Leakage, 70.77 
Cubic feet. 


April 20, 1876. 
Who'e Gate. 


18.43 
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168 5 


28.72 
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1245.64 


.6618 



The buckets were cut back to first white line shown on diagram of wheel, (see 
next page) , then it was tested again. 



Leakage, 59 32 
Cubic feet. 



April 21 
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34 43 
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.7970 



The buckets were then chipped back to the second \\xMi\ tYve ^"aX.fe^w\vGKAfex^^- 
irtcr, had six openings 2}i x 12 inches ; these opemnga "wete \uct^*&^^ \» \^Ds«» 
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--..-.. ..am tlie Bral cesE. The last tluo il wi< taken to I 
a wu reduced by a chip 1-82 of aa inch nU Bronad it 











llMd. 


Weight. 


Sev. 


s;. 


ehaige. 


o^ 


^ir.-. ■.■.•.•. 


!5:S 


^ 


Z.t 




1 353^80 


^ 



Ten of ii43-lnch Rindon wheel, April ii. 1874. Sauie brake used u tO 

the Tyler. Correction for l.-akue Inn pit 17.74 eiibio f^ct. W.Jgbt of w 
per cubio fiwil. M-M. Lennlh offfeit, 10 fei't. Timpcni ' '~' 
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Weljhi. 


B«v. 


H»n.o 


Weir. 


tlnblc 
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Whole Gate, 


ill 


iaio 




xTl 


1.339 
l.MQ 


3804,03 
M7fl.91 
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The report of the foregoing test cansed Otto Troost of Winona, Minn., to order 
one like it. The order was to get one as good, let the cost be what it would. 
Mr. liUsdon built one from the same patterns and sent it to me tu bo tested. 
Eight pounds rotated the wh.el. The results aru ^iycn below : 



Whole Gate, July 8, 


17.83 


1200 


142.5 


77.73 


1.290 


2795.31 


.8264 




17.82 


1220 


138.5 


76.80 


1.291 


2798.25 


.8159 




17.82 


1240 


136 


76.65 


1.290 


2795.31 


.8153 


Leakage 56.57 cu.ft. 


17.80 


1180 


143.5 


76 95 


1.286 


2782.27 


.8157 


Wgt.of water 62.285 


17.79 


1160 


145 5 


76.72 


1.284 


2775.77 


.8231 




17.79 


1140 


147.5 


76.43 


1.282 


2769.27 


.8220 


Part Gate, 


17.84 


1100 


142.5 


71.25 


1.230 


2601 93 


.8136 


(« ii 


17.84 


1125 


139.7 


71.50 


1.232 


2608.31 


.8140 


C* (€ 


17.t<2 


940 


148 


63.23 


1.160 


2381.74 


.7886 


<i «< 


17.92 


960 


146.5 


63.92 


1.162 


2387.94 


.7915 


«i (( 


17.92 


980 


143.5 


63.95 


1.164 


2394.16 


.7997 


«i II 


17.91 


1000 


142 


64.54 


1.166 


2400.38 


.7954 



Taken to machine shop, then re-tested July 9th ; required 11 pounds to rotate 
wheel. 





1 18.00 1 1 141.5 1 77.18 | 1.289 i 2782.45 i 


.8168 


Again taken to shop, then re*tested July 13. 




1 17.97 1 i 146 1 76.32 | 1.286 | 2772.69 | 


.8119 


' 


Taken to machine shop a third time, re-tested July 16. 






1 17.97 ; 1 152.5 i 76.24^1 1.284 | 2766.19 | 


.8131 



I will here explain about slight chunges mentioned in report of Risdon's tests. 
First, a 25-inch Hisdoa wheel was tested. Juue 16, 1874; it gave 75 per cent, use- 
ful effect. Mr. Kisdon had it taken to shop and the rim of wheel reduced the 
lightesL chip possible ; the wheel was re-tested the next day and gave .8704 per 
cent. A second 25.inch was tested July 20. 



Head. 


Weiffht. 


Bey. per M. Horse Power Cubic feet. Per Cent. 


18.41 


320 


232 22.49 845.93. .7655 



The wheel was taken to the shop and the bridge tree lowered one and a half 

inches ; then re-tested July 21. 



Head. 
18.61" 



Weight. Key . perM. 
256 



320 



Horse Power I Cubic feet. I Per Cent. 



24.82 



823.06 



.8593 



A 54-lnch Bisdon was tested, July 12, 1876. 



Head. 



17.06 



Weight. Bey, per M. I Horse Power I Cubic feet. 

I 5047.72 



1900 



107 



123.21 



Per Cent. 
.7586 



When the wheel was put together the chutes projected too far inward, and the 
inner ends were cut off leayiug them square across, and about hulf an inch in 
thickness ; after the test the wheel was taken out and the back side of the inner 
end of chutes were chipped away, leaying the ends a "quarter round;" this 
added ten square inches to the openings; the wheel was re-tesied Aug. 1. 



Head. 


1 Weighr. 


Rev. p«'r M. i Horse Power 


( ubic feet. 


Per Cent. 


8.66 


1 1400 


78.5 • 49.95 


3742.54 


.8177 



Similar yariations will be found in testing any make of wheels. When the 
system of testing commenced some ten years since, there wxs hardly a wheel 
tried that was in a condition to run until yarious alterations had been made ; the 
step was ouc of place, or the followers were made of season 3d wood and would 
swell and bind the wheel as soon as wet. Few balanced their wheels, and it 
really needed a machine shop to put wheels in order before they could be tested; 
days, sometimes weeks were required to test a wheel. Builders do better now, 
still many wheels are yet sent to me th it are in no condition to be tried in a 
testing flume or mill. The test of an Eclipse wheel is giyen on next page to 
show the effect of tight followers and swollen step ; these weiQ loQ^^vi^Q^V^^i^x^ 
second trial : 



^i 



STILWELL & BIERCE MANUFACTURING CO., ; 
Dayton, Ohio. 

This oertlflH that a Water Wlieel 25 incheg In diameter, made of cut iron, . 
IiDonn as tbe Eclipse Double Turbine, was sent to tbe Lowell Teeting Flama 
by the atllwel! & Blerce Manufictniing Co., of Dajton, Olilo, to be t«tad. 
The figures showing the eiact reeults obialned b; me, may be foand below. 



there 



mid deecri 
u of the? 



multiplied by tv 






I., August 20 isn. 



JAMES EMERSOy. 
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Water Wheel Royalties. 



Upon what system of reasoning does the turbine patentee claim royalty upon 
plans of no certain value ? To render a patent valid tne inventor must have plans 
so well defined that he can describe them so that those skilled in the art may 
readily build from such plans or description thereof; if he can not do so, what 
right has he in the invention? There has been too much sympathy for the 
** poor inventor " and not enough generally for those who fiod mcHUS to carry 
out such inveutions ; an arrangement generally that the inventor shall find expe- 
rience or plans, the capitalist money for the inventor to live upon and experiment 
with. For months, perhaps year.-, the inventor slashes away with little consid- 
eration for anything but his own fancies, and if a true inventor, enjoying much 
in witnessing the development of his ideas; whUe the capitahst too often 
finds that he has changed pnsitious, that in fact he has the experience, while his 
money has turned to moonshine, or something as unsubstantial. Capitalists do 
not invest in 70 per cent. turbineSi and there are no good reasons for expecting 
royalties for such. 



Numerous Sizes of Turbines. 



In looking over the piles of circulars issued by the hosts of turbine builders 
one is surprised at the numerous sizes tabled by each ; and when it is understood 
that these tables represent boih right and left hand wheels, the question arises 
as to how any man could ever expect to do a profitable business where so many 
expensive patterns are required, unless such wheels can be sold at an immense 
profit. A list so numerous acknowledges the fact, that such wheels can only be 
used economically when exactly adapted to a fixed quantity of water; in short, 
that they are extravagant in its use unless working with gates completely 
opened; this has been the case since the first introdnctiou of the turbine, and in 
some cases m.iy now be done more through habit thau necessity; but if neces- 
sar;^, then it is plain that such wheels can not economize ihe power of our 
variable streams ; ei- her there must be a waste of one-half of the power during 
eight or nine months of the year, or a total stoppage through the dry season. 
Then, again, what earthly use is there for ** right and left hand " wheels of the 
same size ? By turning the teeth of the crown gear up or down, the shafting is 
rotated in the direction desired. With thirtv-two sizes of turbines to work up 
to a desirable percentage, farewell hope 1 Manufacturers and turbine builders 
must consider and work together, if wheels of high useful effect are invariably 
to be expected. Numerous sizes add much to cost and the purchaser has to pay 
for it. If 1< ft hand wheels were impossible they would soon be found unneces- 
sary, for preparations can easily be made to meet the case. Seven or eight sizes 
only, would aJlow the builder to work them up ri^ht, and the purchaser would 
soon be able to procure a turbine that would utilize the whole power of his 
stream, ei.ber sonuner or winter. 



Hard Bunningr Wheels. 



For several years after the testing system began there was hnrdly a builder 
who took any particular pains to have his wheels run easy. " Oh it will go, only 
put the water to it," would be the reply when the subject was mentioned. I can 
recall several that would have gained very different results had iheir wheels 
been in proper condition, but the matter was not so well understood then as now. 
Bven now it requires constant a'tention to avoid errors in that way, for it is very 
Cjmmon for wheeU to turn perfectlv free at the start, then after running a few 
minutes become bound through swelling of step or followers, so as to lose a num- 
ber of revolutions per minute, carryinsr the same weight as at first starting; 
Kisdon's highest result 91.32 and Tyler's 91.27 were supposed to be erroneous, 
because neither could be repeated, but from the cause named above they coul^ 
not be rejected. 
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Test of Wheel to Determine Loss of Power in 
Transmission Through Gecurs. 



In making the experiments to determine the loss of power in 
through gear», mitre gears twenty-seyen iuches in diameter, fire inch fitce, Utf' 
seven teeth, were ased on wheel and ** jack-shaft," the last being six feet In 
length, and three inches in diameter; » ppur gear twenty-four inches in diamirtar* 
four and one half inch fiice, forty-four teeth, was secured upon the ** jack-shaft^ 
which worked into another gear of the same size upon a second borisoiital 
shaft, same size and length as i he first ; the second representinf? the main Une of 
shafting through a mill, both horizontal shafts worked in common babl^tlei 
bearinp^. The dynamometer was placed upon the end c f shaft representing tiw 
main Ime, and the wheel tested through the two paiis of gears; then upon thi 
wheel shaft. 



Dynamometer on 
horizontal shaft. 
Dynamometer on 
Wheel shaft. 



Tests. 



Head. 



Hevolutions. 



1st test, 
2d " 



16.03 feet, 
16.08 ♦• 



160 per minute 
168 " 



Horse 
Power. 



26.55 
26.73 



Fereenu 



76.90 
77.40 



Important Tests to those Gearing: Wheels where 

the Head Varies. 



Tbe best speed for each head is first g^ven : 20-inch wheel. 



Head. 


Weight. 


Re vol miens 
per minuts. 


Horse Power. 


Cubic feet. 


Peicent> 
age. 


18.44 

7 85 

18.35 

7.99 


500 

200 

640 

75 


249 
164 
161 
246 


39.92 
9.94 

3122 
5.50 


1400..31 
869.84 

1418.94 
757.93 


.775S 
.7724 
.6663 
.4911 



48-inch wheel. 



♦17.55 


1100 


121 


80.66 


3586 83 


.6733 


. 9.79 


600 


90.5 


32.90 


2540.80 


.7018 


17.47 


1525 


90 


83.18 


3618 81 


.6982 


10.00 


200 


120.5 


14.60 


2199.34 


.2522 



♦121 reyolutions per minute was found to be tbe best speed for wh3le and part 
gate. 

Turbine Buckets. 



Ten years since turbine builders added much to the cost of their wheels by 
makins: the buckets of sheet iron, steel, brass, or bronze ; shaped in iron moulds. 
The best turbines yet produced have been made entirely of cast iron. Wrought 
iron is decidedly the poorest material that can be used for that purpose. 



A Word to Aspirants for Fame as Turbine 

Builders. 



The incentive tn turbine building is probably its supposed profit. A wood* 
sawyer, so little of a mechanic as to be unftbic to file his own saw, unhesitatingly 
rushes into the bu9incRs, 3'et it is one requiring the highest noRAible skill; expe- 
rience soon causes the adventurer to reirret his haste. A strictly honor€Utl€ 
turbine buaineait under existing circumstances, can not be made to pay ; that is, to 
sell every wheel by test on its real merits would leave half the number made on 
the builders' hands, for purcb users require the highest results at the lowest 
prices, and there arc scores of builders ready to guarantee such so far at ttlk 
is concerned. 
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Testingr Flume and Turbine Testing. 



The testing: system, or prftctice of testing turbines before purchase to deter, 
mine their value, has become so general that there U no turbine builder of any 
reputation, who has not found it necessary to submit his wheels to such trials 
in order to enable him to sell them; this being the case it is proper that the 
method bv which such te>ts are determined should be made familiar to all inter- 
oted. len years since (he testing of a tui bine was a serious matter, and could 
only be accomplished at a great outlay of time and money, the ex perse extend- 
iag into the thousands; while the apparatus used was so crude, and the compli- 
cations were so numerous, that the matter was understood by but few, and was 
belieyed in by less; thousands and tens of thousands of dollars have since betn 
expended in simplifying the process of computation of results obtained, the manner 
of obtaining them, and in ridding the system of rubbish of no earthly use. In the 
first place^ it should be thoroughly understood, that weighing the power of a 
wheel, or in other words what it will pull while running at a certain speed, is 
precisely the same in piinciple as to weigh what a horse or man can pull while 
traveling at a fixed speed, or as in weighing groceries ; consequently an accurate 
scale beam with knife edges and sealed weights are required as much in the one 
case as the other; the pounds named iu testing a wheel mean precisely the same 
as in weisrhing hay or sugar; and if a proper weighing and controlling instru- 
ment is used, the wheel will be kept at the same speed so long as a giyen weight 
is carried: consequently the gauges remain constant with the same weight on 
scale, and with the same head of water, so that six different persons taking the 
£^uges add exactly six times to the chances for errors in testing a wheel, and as 
much more to the co«:t. Testing with proper apparatus and conyenienres is a 
Tery simple matter, but it requires experience to make such test reliable ; and 
though an engineer may haye the formula committed to memory, he will need 
considerable experience practically before he will be able to make tests that can 
be depended upon. 

Wbir Mbasurements. 

Within the past few years much has been said and written for and against the 
reliability of measurements of water flowing over weirs ; this has arisen through 
the great diversity of results obtained by different persons, who have used the 
same formula for computation of data. Turbines of almost every make, tested by 
their builders, have seemingly given high useful effect ; while m actual use few 
of them haye proved economical in the use of water. This has had a tendency to 
discredit weir mciisurements, but unjustly so, as may readily be explained, for 
the matter is one of great simplicity, notwithstanding the complications thrown 
around it by tho«o who have supposed a long array of decimals denote profun- 
dity and accuracy. Any weir under exactly the same conditions will repeat 
results invariably; but a formula based upon certain conditions, will not give 
correct results if those conditions are changed. AW brooks and rivers vary 
much in width and depth, yet the same water flows through the narrow as well 
M the wide places, the velocity, of course, varying with the cross section of the 
itreara. The velocity, however, does not cease immediately upon entering a 
Wider or deeper part, but continues until the momentum is lost, and the general 
level attained ; this of itself would prove the necessity of placing a W( ir at a 
considerable distance from the discnarge of a higlier head. The Francis for- 
mula is based upon the natural flow of the water, which for a depth of one foot 
over a weir is about three feet four inches per second ; and it must be evident 
that such formula is entirely inapplicable where the velocity is four or five feet 
per second, as it may be if the weir is placed close to the discharge of a poor 
turbine, where the water leaves the wheel with half the velocity due the head ; 
or where a cross section of pit or stream approaching the weir is but little 
greater than the capacity of the weir itself. It is plain that under such condi- 
tions the velocity will vary according to the useful effect of the wheel, and 
equally plain that no reliable correction for velocity can be applied. Had this been 
considered, much trouble and expense might have been saved the past twenty- 
five years; for it is not likely any builder would have knowingly continued the 
manufacture of forty per cent, turbines. The cross section of a pit or stream , up 
streun from a weir, should be nt least five times the cross section of the stream 
flowing over it ; and for a discharge of two thousand cubic feet per minute, the 
weir should be fifty feet from the discharge of the turbine, or opening into pit. 
Backs should never be used, as they obstruct and raise the water so that it 
passes through with renewed velocity. If there is a horizontal discharge 
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The proper dimensions for a testing flume are, of course, determined by the 
size of the wheels to be tested. The fore-bay, in diameter, should at least be 
twice that of any wheel placed in it, while the width of the pit should equal one 
and a half times the length of the weir; below the crest of which the depth 
should equal four times the depth of the stream likely to flow over it. The weir 
should stand at least twenty feet from the wheel, and at an exact right angle 
with the flow of the water. 

The dynamometer, or instrument used to determine the power transmitted, is 
simply jin improved •' prony brake." The wheel B is secured lo the shaft of the 
water>wheel, and its speed is controlled by the friction-band A, which is con- 
nected to the scale-beam as shown, the point of connection describing a circle of 
a given number of feet. The rim of the wheel and the friction-band are hollow, 
and are kept cool by streams of cold water passint; through them ; the water in 
the rim of the wheel being supplied through its hollow arms and the pipe, 
shown in the engraving. The wheel B, is made of cast iron, the friction- 
band of " composition" or "gun metal " The hands of the '•counter" are so 
arranged in connection with a worm gear, that they can be made to rotate in the 
same direction the hands of a clock move, whichever way the wheel being tested 
may revolve. 

The hand wheel for operating the friction-band through the screw M, has a 
" universal joint ** in its shaft , which is arranged with a slide to prevent fraud 
while testing. The connection of the band with the scale-beam is made by 
knife<edged Tink^, and the pivot of the beam is also knife-edged. The weights 
are suspended at one end of the beam as shown at C ; at the other < nd is the 
" dash-pot " D, (it is better to have •' dash-pot " at the same end as the heights,) 
filled with water to hold the beam steady. The pot is made of cast iron, bored 
out perfectly true. The plunder on the end of the rod is a thin disk of iron 
turned to fit the pot loosely, so as to allow it to move perfectly free ; it has six 
three-eighths inch holes through it, stopped with brass thumb screws ; one or 
more of these may be removed at any time to render the beam more sensitive, 
but the screws must be left lying on the plunger, that the weight may not be 
changed. To prepare the instrument for testm;?, the "dash-pot" should be 
filled with water, the screws removed from the holes in the plunger, but left 
upon it, the beam leveled with the indicator standing at zero, as shown at E : 
then place a small weight in the scale-pan. and observe the number of seconds 
required for the weighted end to settle one-half inch; then change the weight 
to the other end of the beam, the same distance from the fulcrum, and change 
the balance weight until the beam is balanced ; then return the screws to the 
holes in the plunger, and connect the beam to the friction-band by the links for 
that purpose. 

When testing, I find that the simplest and surest method of obtaining the 
correct number of revolutions of the wheel, is to hold the hands of the counter 
at zero until the •' timer" is ready j then to run several minutes, and divide the 
number run to obtain the revolutions per minute. 

The most perfect measurement with the hook gauge can be obtained by keep- 
ing the top of the tank C, nearly level with the surface of the wattr in it, then by 
lookins; across it the point of the hook may be seen the moment it breaks the 
surface. 

In testing a wheel I begin with a light weight, say for a 30-inch wheel under 
fifteen feet head, start with 100 pounds, run two minutes — the man at the wheel 
keeping the beam level — then change to 125 pounds and repeat. Continue to 
change 25 pounds every two minutes until the speed of the wheel is reduced 
below its best point, which is reached, we will sav, when it is carrying 250 
pounds; then reduce the weight to 235 pounds, and change ten pounds every 
two minutes until the best point is again passed, which is found, say, when it is 
carrying 255 pounds; reduce the weight to again, say, 242 >^ pounds and change 
the weight five pounds at a time every five minutes. Sometimes, when not in a 
hurry, L commence with 100 pounds and run to 700, or even 800 j then a^ain, I 
might start on the same wheel (if I knew about the proper weight for it) say 
with 600 pounds, an. 1 not chancre more thnn 100 during the whole test. Some 
parties desire 'o have their wheels tested with as short a ranue of weights 
as can be used and the wheel's best speed be found, for the purpose of 
showing even results through the whole test; but to the initiated, such results 
would appear no better than where greater changes were recorded if the weights 
varied with the spe d. Of course, the more the speed of a wheel can be varied 
without affecting its percentasre the better, but that is only determined by using 
a long range of weights while testing it. 
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The pover tnuisailned bv tli^ vluel is detenmned as fioUows : Suppose Che 
scale b.*dun i-* aa.ftch«d to :ae Inca-ja b.-ake ai a potut, vhicfa, if reTolriiig, 
woold dncrioe a circle of '3> 6;«c, a A Che vhecl mnning ooe hoadred reTola« 
tioas per imuj:e, hoid^ the Deam a: zefu vhen loauii^ vuh aOU lbs., 20 X 100= 
2») X ^>J — ^vjv»-7-><>^-» giTe« Jfj Sj ho««-pover; diride the transmitted power, 
b/ the pon-cr of the wjtter u^ed. to asor.tjun the osefui effect of the wheeL 

Aq exAmt>Ie !< here cirea f finding the useful effect, after testing a turbine, 
as folio JTed in !?<.<: and wh-?u i: is Lindersrood that a hundred different weights 
mighE be tried ia testing a wheel, and tha: during the trial some six or seven dif- 
ferent obsenr<-rs were taking no:e4 ererr thirtr seconds, and that ail of these 
observations had to be made to agree it will reaiiilj be seen that there were wide 
openings for errors. 

TssT IT—Ttlsb Whkkl. September 21 and t23, ISTl. 

149.2 Rev. por m. 
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33000 

90000 

I 
Q. per sec.=3.33 (1—0. In H) H" 

1.0615 Height of water on weir. 
— .0145 Correction for weir level. 

1.0470 

.2 Number of end contractions X 0.1. 

.20940 
6.00000 Length of weir. 



5 79060=0.7627236 
3,33=0.5224442 , 
1.047=0.0199467 ) nt 
0.00;»9733 ) 
60=1.7781513 



H 



1239.48=3.0932391=0. per min. 
15.695=1.1957613=Fall. 
62.336=1.7947389=\Veight of cubic foot 

33000 (ac)=5.4814861=Hor8e Power. 

36.75=1. 5652254=n. P. of water. 
27 13=1.4334498=H. P. of wheel. 



.7383=1.8682244=Ratio, or, percentage. 
The formula for correcting the depth for the velocity of the water approach- 
ing the weir is 



in which the factor 



H'=i (H-h^)*— i^n 



s 



v« 



2g 
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Y being the velocity found by dividing the Q per second by the section of the 
stream approaching the weir. Ah the flume approaching the weir was 14 feet 
wide, and the bottom of it was 3-5 feet below the cre>t of the weir, it follows that 
the area of a section of the stream, when thL>re was 1.047 feet of water flowing 
over, is 14 (3.5-4-1.047)=63.658 square feet. 

Q per sec.=20. 658=1.3150883 
Section=e3.658= l .8038530 

i.5112353=Y 
2 



1.0224706=v* 
2.1916296= 2 g(ac) 

.0016=3~.2141002=A 
2.6070501 

.0001=5.8211503=A^ 
Then H-+-A=1.047-|-.0016=1.0486. 
1.0486=0.0206099 
0103049 



1.0738=0.0309148=(H-f-A) ^ 

Then (H:-f-A)^—A^=1.0738— .0001=1.0787 
1.0737=0.0308830 
0.0102943 

1.0486=0.0205887 

1.0486=H'=corrected depth on the weir. 

Substituting H' for H in the weir formula first given above, we find the cor- 
rected Q to be 1242.25 cubic feet per minute. 

1.0486 
.2 



.20972 
6.00000 



5 79028=0.7626996 

3.3i=^.52'24442 

1.0486=0 0206099 

0103049 

60=1.7781513 



1242.2.j=3.0942099 
15.695=1.1957613 
62.336=1.7947389 

33000 (a c)=:5 4814861 

1.5661962 
27.13=1.4334498 

Batio of useful effecl .7366=1.8672536 

To work out the foregoing without the use of logarithms, applying all of the 
corrections as was then done, would cover many pages of this work. A hund- 
red diflerent weights and speeds were likely to be tried in testing any wheel, 
each change requiring the same tedious process, so that days, perhaps weeks, 
were required to ascertain the value of a wheel. It was customary with some 
engineers to work out a few tests, then to ** plot" the remainder on "dia^am 
paper ;" but this was found to be unreliable in working out my weir tables, and of 
course, was equally so in working out tests. With reliable apparatus for testing 
a wheel, but few corrections are necessary, and only three persons are required 
in making tests. One having the whole in charge, and who takes weight, revo- 
lutions of wh.el, and the heM and weir gauges, assi:>ted by a " timer," and one 
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who controls the speed of the wheel. A testing flnme is filled and emptied so 
often that it will leak more or less, and this leakage is into measuring pit, so that 
after a wheel is set ready to test, its ji^ate is closeaand sprinkled with sawdust to 
prevent leakage, that woald affect results of trial; then the flnme is filled with, 
water, and the leakage of the flume taken at the weir. Suppose the leneth of 
weir to be six feet, and depth of h akage to be .183 of a foot; opposite to Uiis in 
weir table and column for 6 ft. weir wUl be found 93.28 cubic feet per minute, and 
this quantity is to be taken from every test made of that particular wheel, sup- 
posing the water not to be drawn from the flume during the test; if it is, then 
the leakacre must be laken as before. To illustrate, a test as now taken is here 
given. The point of attachment of brake to scale beam is ten feet, and each rev- 
olution must be multiplied by ten to p:et correct speed. Look in weir table below 
for cubic feet discharged. Test of an 18'inch Wetmore wheel, September 30» 
1876: 

Head. Weight. Bev. per min. "Weir. 

No. 7. 18.80 162.5 305 .650 

Quantity as per table 624.62—93.28=521.34 cubic feet per minute. 

621.34X18.80X62.33 

=17.91 H. P. of water. 



33000 

305X10X162.5 



33000 —15.02 



15.02 

-jiy gj=.8114 Ratio of nsefiil efTect. 



Formula for Tabling Wheels. 



Q=qnantity dischar^red per second at any head, h. 
V=velocity due head h. 

Q =quantity with any head 

V =velocily due head 
R=relative velocity. 
I>=diameter of wheel. 

The Q having been determined for any given head, to find it for any 

other head Q =QXV' 

V 
The horse power having been determined for any given head, to find it for any 

other head H.P. X V'h' 
VXII 
The revolutions having been found for any given head, to find them for any 

other head — — Q—— X 60=number of revoJuti. ns per minute. 
DX 3.1416 *^ 

R=relative velocity, detennined by experiment* 

Having the outlet of one whet 1 of a certain pattern measured and its power 
de'ermiard, the power of another of similar pattern is approximately obtidned 
by comparing the outlet with the one experimented upon. 



Steam and Pressure Gauges. 



Is it a matter of impoitancc that such instruments should indicate correctly* 
and if so, do those using them take pains to verify their accuracy? Recently 
while testing the turbines used at the water works of St. Johusbury, Yt., it came 
in my wav, also, to test the accuracy of the pressure gauges us( d there ; these 
were made by the Utica Steam Gauge Co , Utica, N. i. The t< st was made by 
getting the exact area of the waste valve, usiner a knife-rd^ed pivoted beam 
resting on a knife-edg* d top of valve piston then with scaled weights the press- 
ure in pipe was accurately ascertained, and to be 11 per cent, less than that 
shown by the pressure gauge. 
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En^rineers. 

Of the htmdrcds of young men who yearly graduate as ennneers from our 
educational instiiutions how few of them are eyer likely to reflect credit upon 
tho name, simply because nature never intrnded them for the business. Genius 
or ingenuity was undoubtedly the oiigrin of the word engineer, and geniuses are 
not the product of education, but of bir. h. No cultivation will ever make a real 
engineer or mechanic, though it may make human machines; neither is the fact 
that a person has amechanical aptitude for mathematics any proof of his fitness 
for tho engineering profession, *' Babbage's calculating maihine had that.'* An 
engineer snould have ingenuity, sound judgment, and decision of cbar:^cter for 
emergcncit s ; without sui h characteristics no one will ever make a prrmanent rep- 
utation as an engineer. The callir^ has gained the most of its renown from those 
who made no pretensions to be considered engineers ; for instance, take those noted 
in connection wi>h steam. Watt was an ins:rumeiit vender; Fult( n an artist, 
then an inventor ; Stevenson a stoker ; Sickles a mr.chinist; Corliss a dry goods 
derk. In hydraulics, fioyden was a tanner ; Tyler a millwright ; bwain a pattern 
milker; Lenel a machinist; Temple a millwright; Houston a miller ; Risdon a 
machinist; McCormick, cabinet m-.iker and singing ma<-ter. Of our many eugU 
neers we doubtless have those, who, if favored with opportimities would become 
noted, but the terrible dis.isters of tho past few years would hardly indicate that 
the best have always been employed in the most responsible positions. The fol- 
lowing extract from a daily paper desr rvcs serious consideration. 

•* OVEK-EDUCATION. 

Like over-production, our caption is in some senses a misnomer, for no ore 
can be over-educated in the true development of his best fSaculties for worthy 
ends. But there is a great deal of school and college education that is aimless, 
disproportionate and cumbersome. There are too many mediocre proft ssional 
«ien, lawyers, doctors, minister«>, school teachers, writers; few skilled artisans, 
Vmers, gardeners, intelligent laborers technically educated for various si heres 

at are fundamental to well-ordered society. Society is top-hea\y, with too 
much top and teo Utile bottom. There is too much hi^n-school dabbling 
that is not thorough enough for mf n<al gymnastics, nor practic:.l enough for the 
uti itarian necr ssities of those who must graduate into the hard wotk of the com- 
mon and laborious pursuits whicli ballast society. The great law will assert 
itself, and all true education must lay i's account with it, that by the sweat of the 
brow we must eat our bread. Thai is not good A merican educa'ion which would 
spoil a farmer's boy for the old homestead, or the farmer's girl for housekeeping. 
There is too large a crowd cf unfit female school teachei s. There are too many 
useless, third-rate lawyers hankering after office; too many goodiKh ministers, 
unskilled doctors, ignorant apothecaries nnd engineers. Hence there are multi- 
tudes, of our boys and girls who are over-cducnted, in the sense that they are 
unfitted by an aimless and mfn ly bookish education for any patient ai d < arnest- 
life-work which will utilize them as producers, and develop their individuality 
into the manly or womanly consummation of a staunch charact< r and a robust 
and useful lite.'* 

Oar admiration and love for the Deity arises solely through our admiration for 
his wondeiful Workn. The real mechanic of all human beings is his nearest rep- 
resentative. Why anyone can consider any other calling more h* norable or 
desirable is beyond my comprehension. 



Propellingr Screws. 

Is there no better plan than the one so common with government engineers of 
placing the screws in a ship, then lashing the ship to a wharf, fire up and run the 
engines day after day, to ascertain how fast the screws can be driven, and how 
fost the ship ought to run, if all the decimals can be depended upon ; would it 
be better, cneaper and far more decisive to take a screw, place it in a frame rep- 
resenting the stem of a ship, but with freedom to move forward ; from the after 
end of the screw have a weight attached, so that if the screw move forward it 
would have to raise a known weieht, then by belt or other means, using a dyna- 
mometer in transmissi7>n. drive the screw to any speed desired ; by such means 
accnracy cou'd be attained, and the most perfect screw for the purpose could bo 
found at comparatively small expense. Tne propeller screw partakes too much 
of the turbine nature to allow of its lines being positively determined by mathe- 
matical calcnlations ; at least, the best form might be ascertained with perfect 
accuracy in the manner suggested above. 
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Gearing TurbineB by Tables. 
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Testing Curbs. 
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V Shaped Belts, Cable Transmission, eto. 
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Ihcengincenl and professors, wb >areso much utter known thiouiih thcteM 
teoslDos than achievements, could be made to uiidiTstand that muddinaai 
Dot idwaya denote depth. 
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Professional Experts. 



If those acting as above could see themselves as those thoroughly acquainted 
with the subject in hand see them, it would have a tendency to lower their preten- 
sions. Could the arts be put back to what from our standpoint thi-y seem to have 
been 3,000 years aso, one of our best mechanics might prepare himself to act as 
general expert without seeming^ presumptions, but to pretend to be able to do so 
now. when the mere word mechanic covers a thousand occupati)n<<. each having 
numerous variations, renders the pretense ridiculous. Yet we have such, and 
tiiose who have great influence in court, particularly in patent suits. The tur- 
bine h IS been studied for more than a h.ilf centurv by the best mechanics, and 
the matter is ot sufficiently understood to fairly allow of its being considered a 
science; yet th •. professional expert will look the matt-r up in a day, then go 
into court and testify to points of which it is simply impossible that he can know 
anything about. No one man can be an expert in all kinds ( f busii ess, life is 
too short. The most intelli;;ent and skillful telegraph operator must be the best 
expert in a telegraphing case, so of the shoemaker, the blacksmith, the miller, 
merchant, turbine builder, or engineer. In either of these callings an appren- 
ticeship of years is required to render a pers n proficient ; then is it reasonable 
to suppose that the professional expert can master any of th m in a few hours' 
study? We would not go to a shoemaker to inquire about a turbine, or 
the turbin3 builder to learn ab.>ut telegraphing. If the matter is simple 
and plain, an expert is unnecess iry ; if difficult tol)e understood, th; n certainly 
one skilled in the matter is the b st qualified to make it plain. In cases where 
litigation i-* contemplated an expert well versed in the matter should be employed 
first, then if he understand •< his business, in three cases out of four, he will cause 
the matter to be settled, often advantageously to both parties interested ; if he 
can not cause it to b ■ settled, he can prepare it f >r thi; lawyer, so that it may be 
legally determined expeditiously and at the least expense. To i mploy the law- 
yer first is like trying to learn a child to read without learning it the letters ; that, 
however, would be no more absurd than to suppose that any one man can be 
proficient in all kinds of business. 



Belt Transmission. 



Of all guess work there is none more unreliable than that of computinsr the 
power transmitted by the width of belt. First, the kind, quality and condition 
of the belt is to be considered ; then the size, distance and positio i of pulley, 
whether their suriaces are wood, metal, or covered with leather; whether one is 
much larger than the other and whether the belt is running vertic.illy. horizon- 
tally, open or crossed, or what is worse, is running ed :e up, on pulleys on vertical 
sh ifts, and whether it is tight or loose, whether it is made of leather or other 
material ; also, whethi*r it is sin^'le or doabl j. In testing with lever dynamome- 
ter the speed of belt is determined. A sinurle leath r belt under o dinary 
conditions running 1000 feet per minute will transmit a h. p. for cuch inch of 
width, but the matter is one of the greatest uncertainty. 



Slip of Belt. 



The speed of machinery is computed from size of pulleys or gears in connec- 
tion with the driving shaft; in such computations the slip of belt is seldom or 
never taken into consideration, yet that slip is an important item. In testiug 
the power of a steam-engine, the counter of my dynamometer showed such a 
difference from thu engineer's estimate, that the matter was thorou>:hly investi- 
gated. The driving pulley on the engine was 12 feet in diameter, that on the 
main line of sh ifting 6 feet ; running light or simply driving shafting, the fly 
wheel making 75 revelations the main line mide 150, but with wei<;ht applied to 
scale beam of brake, the belt began to slip, the slip increasing with each weight 
added; at the maximum power of engine, the main lino made 144 revolutions 
while the fly wh-jel made 75. Belt amd pulleys were in perfect condition. 



Water Wheels. 
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the spindle •r upright shaft of the turbine is a beyolled pinion, of 19 teeth, work- 
iuif into two wheels, on the right and lefi , each of which has 300 teeth. These give 
motiou to the machinery ol the factory, and drive 8,000 water spindles, roving 
frames, cardinsr engines, cleansers and other accessories. The useful effect is 
reported to be from »0 to 85 per cent, of the theoretical water-power. The water 
as filtered at the reservoir before it enters the conduit pipes ; and it is important 
to notice this, since the apertures of discharge in the wheel are so small as to be 
easily obstructed or choked. 

The water enters the buckets in the direction of the tangent to the last element 
of the guide-curves, which is a tangent to the first element of the curved buck- 
ets. The water ought to press steadily against the curved buckets, entering 
them without shock or impulse, and quitting them without velocity, in order to 
obtain the greatest useAil effect; o.herwise a portion of the water's power must 
be wasted or expended, without produciu!; useful effect on the wheel. 

It is difficult to imagine that a machine so small as this can give motion to the 
works of a cotton mill on so large a scale. Professor Ruhlmann B&yst that when 
he saw it actually doing so, he could not for some time credit the evidence of his 
senses; and, although he went purposely to examine it, his astonishment 
prevented him from comprehending, in the first instance, that the fact was really 
as it appeared. 



The Jonval Turbine 



[From J, E* Stevenson's Circular.} 

By referring to our certificate on another pa^e, it will be seen that it is impossi- 
ble to construct a turbine greatly to exceed m useful effect a *' Jonval," whea 
properly constructed and well finished; and by reference to the table of experi- 
ments here inserted, it will be noticed that the efflcieucy of the Jonval turbine 
depends not upon the name ** Jonval," neither upon the simple fact that one 
wheel is placed above another— as from 6 Jonvals tested, but omk gave 90.77 per 
cent., that being the one made byun; wherea-4 one other gave only 50.34 per 
cent., the lowett of all tented. And why this difference? Simply because one 
builder knew what he was doing, and the other did not. There are many parties, 
purportinsr to manufacture the Jonval tui bine, who state in their circulars that 
** at a trial of turbine wheels, at tTairmount Water Works, at Philadelphia, in 
1859 and 1860, the Jonval wheel eave the highest percentage of all tested;" 
and they would have the public believe that with their rough, unfinished cast- 
ings, guide and bucket curves, of whatever form they may happen to be, they 
give this wonderful result, when none of them possess more than one feature of 
the Jnuval turbine; and these experiments show that a "Jonval," made by a 
man of experience, and tested under the most favorable circumstances, gave the 
po*tr*>Ht remiH of all, simply because he failed in the application of the principles 
embodied in its construction. 

The following is a table of the experiments at the Fairmount Water Works, at 
Philadelphia, in 1859 and 1860, as taken from the report of the Chief Engineer. 
The table explains itself. 



At a trial of water wheels, at Fairmoant Works, by order of tbo Select and Common Coancil of 
the City uf Philadelphia, a Jonval turbine, made by "*■ J. E. Stevensim." of Paterson, New Jersey, 
waa tested March Mli, IMO, and produced a co-efflcient of uneftil effect of .8777 per cent, under the 
following circumstanoe : 925 pounds were raised 25 feet by 70.25 cubic feet of water under a head 
and fall of 6 f«*et. To this mu«t be added the friction of the transmitting machinaiy, estimated at 
3 per cent., maJdng a total useftii effect of .9077 of the power employed. 

O. H. P. PARKER, 

Chairman ofih* Water Com, 
(8KAL OF CITY.) 

HENRY P. M. BIKKINBINE, 

Chief Bngtneer, 

In attestation of the above signatures of O. H. P. Parker and Henry P. M. Birkinblne, I let my 
haad and affix the smI of the City of Philadelphia, this, 3rd day of April, I860. 

ALEXANDER HENRY, 

Jfayor of PkOadelpkia. 




BO DINE JONVAL. 



BLACKSTONE. 



^^^p^SF' 
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Table of Experiments. 



iME OF WHEEL. 



son's 2Dd wheel 

I's 2nd wheel 
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3el 
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Parker's 4tli trial... . 

Parkor'd 3rd trial .. . 
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Paiker's 2nd wheel . 

,:it'9 (Joodwiii 

3 Smith 

r's 1st wheel 
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1st wheel 
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Jonval.. 
Jonval. . 

Spiral. . . 
Jonral. . 

Spiral... 

Spiral... 
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Jonval.. 

Scroll. . . 

Scroll. . . 

Jonval.. 

Spiral... 
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.7467 


.7767 
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.7469 
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.6799 


,7099 


.6726 
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.66-24 


.6205 


.6505 


.6132 


.6432 


.5415 


.5715 


..'i359 


• .5659 


.4734 


..'>034 



Where Built. 



Paterson, N. J. 
Philadelphia, Fa. 

Bemville, Pa. 
Troy, N. Y. 

Bemville, Pa. 
Reading, Pa. 
Readinir. Pa. 
Paterson, N. J. 
East Pepperell, Mass. 
West Lebanon, N. H. 
Philadelphia, Pa. 
Reading, Pa. 
Guilford, N. Y. 
Buffalo, N. Y. 
Bemville, Pa. 
Salmon River, N. Y. 
Austin, Texas. 
Worcester, Mass. 
Troy, N.Y. 



inc builders may object to my classification of the various wheels repre- 
apon the opposite pa^e ; but because M. Jonval define d certain lines for a 
, lie no more proved that those lines covered the principle than he would 
roved that the o ly place to walk upon a street is exactly three feet from 
re on a line parallel therewith, had he defined such a line. The wheel 
vas common and known as the Tub wheel. Two wheels made upon 
y-Fly specification, placed one above the other, would have covered the 
M. Jonval; placing a fixed wheel above the wheel proper would 
tie originality unless done before any oth; r builder had made an applica- 
chutes to turbines. The experiments of D. P. Blackstone, show plainly 
5 vertical part of the buckets of the Vandcwater-Burnham wheel, repre- 
with the others, is of little practical utility ; indeed, the vertical part of 
jckets have often been proved to be decidedly injurious. Wheels con- 
1 in that way, however, render it more convenient to apply the water 
ically at part gate. Many plans for gates have been tried with the 

but none that has not in some way proved objectionable. Many have 
ade without any gate, simply lotting the water on from the head gate of 
Geyelin of Philadelphia has a telescopic tube below the wheel, tlie bot- 
ereof being lowered to the apron beneath, in order to stop the water. 

gates have also been tried in a tube below the wheel, but both plans 
n extravagant use of water, unless the wheel runs at whole gate. *' Out- 
jister gates " are the most commnn ; these also render it impossible to 
lize water at part gate. The inside register, like that of Ciatos Curtis is 
:er in that way, buL like the oth: r register gates it works hard. Down- 
ischarge wheels were objected to because they were supposed to press 

upon the step ; such a i idea could only have gained a place llirough 
perSclal reasoning, for if 75 or 80 per cent, of the weight of the water 
the wheel ahead, the balance of the weight could only press down upon 
), whether downward, central or outward discharge. 
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Double Power Water Wheel 

ratent«d January 30, 1866. 
•• • 

111 MiIh liiipnivoiiii'iit wn ImTO a dovico for combining wheels driven by tbs 
fiiiri' i»r iiiiiiiliiK wiilrr, .'wkI alrio by tliu weight of tlie fluid, both acting in the 
Hiiiiiii illiKi'iliiii, Mini lli«> lutUtr uHiiig the water which has already ^ven power 
In Uii« riiniii'i. 

KlU. I HhiiWM thi> «>\l«>riuil appearutioe of the case of the wheel, and Flg.2 
lhi< liV't iiiMliir>« with tlii'ir K^'or'niK* '^'^^^ stream is received at A. fig. 1, and, 
I IV III*' M|iiiiil fiinri of ilio <'iiH«>, Ih forced to receive a rotary motion as in the 
I'liriiiiiiiii 'riiiiiliii>. This water a<-tM directly on the buckets. B, Fig. 2. whidi 
iiiillitlK rmiii till' i'i>iit<>r. Tlu^y aro cotiiiected to a hollow shaft, which caniei 
I In* Iriiuo lifvi'l K'''ii'i <'• ^''MriiiK into the pinion, D, on the horizontal shafL 

I'liiiiiliiK iIiiiiiikIi iIii< iiisidt' of ihlH main tdiaft is the shaft. £, to which the 
nriiill wliiM'l, |<\ Ih .sfi-iiriMJ at tint bottom, and a bevel gear, smaller tluuiG.at 
iliK lop 'riil« ut'tw riiiMJii's with the pinion, G, ou the horizontal shaft. After 
lliit wiiIki, Ii\ IIh nilarv t'on-i', liaH done its work on B, it falls and operatesF, 
I'lvlnir II Iwlif I In* spci'il iif It. liy thiH oonibination we claim that this device 
li-i.i iwli'i- III!' piiwiT ol' an iMiiinary whoel with the same weight and force ol 
niii I It. Inn Immmi IcsIimI by pnict ical inun with even greater results. There 
In iinw ■iiii> <ir ilii>ii< will'. -Is ill Muci'«>rtsfiil Operation in the nutchine sLopof 
;\|i.iiiiii ri.\i'i- \ II \ mhi.in'm. of thiH (Mly, wlio have the exclusive i^t 
loi ilh- iniiinr iiiiiiM III' III)' '^aiiK' ill thiH St-ite, and the public are inviteuto 
mil iiimI Ii'iI 11 I'lii ili.'iiis.'lvi's. Thtj proi»riutors, L. D. Wvnkoop and S. P. 
;ii>iiii>. Mill imw pii>p-ii'iMl t«i iii>i;oli:it.«! with anv responsible parties for the 
iImIiI I'i III mill II iiiri> ibi' viiiii« in any Stato of the Union. In offering thiis to 
III- imblii \\i< .ii<- aw'iti' iliil tlitf <'ry of Iminbng w^ill be made, but we guaran- 
ii I 'ill v\i« i| liiii till il, ami wr. \\\<*\\ no out; to engage in it until he is satisfied 
iliii uhii ».• iLiiiii i« iiiii'. Any iiniiiirios addressed to tlie proprietors, al 
M.i.i 11, Ahi-li , Will ill' piuniptly attcndod to. 

L. D. WYNKOOP. 
S. P. STONE. 

Wi' llii> iiihIi'i .IiiiiiiI Iimm' Hi'fii tin; Wynkoop Wheel in operation and bo* 

IliM- II III III- ■ill iiic iii\iMiioi- flaiiiis for it. 

.1 It IIXWNKS. M i>Mi. JAMES W. STEDMAN, 

A liXICn.l- rr. «'iiy M:urthal, P. M. ROWKLL. 

I. I» Mltl:«;..|{V. J. H. CHAMPION, 

i wri , \ I ■ I ■ \ I o. , KI )WA RD SlNllTH. Machinist 

l» I' ' 'I'JM:. a. J. PATTERSON, 

.'■ M- IIXIN. C. A. HALDWIN, 

HUMS A.' I.KI-;. I':iI!U»rs •• Pr.'ss," K. SAI*SBrRV. 

I» \MI- L I.NON. 

W 1 1. 1. 1 AM I'M; n- 1 IKK. 



II'. S. (JALUSHE, 
C. OSliURN. 



♦•♦- 



rr.IJTIFlCATK: 

i/ r'niin llii- I'Xp.'riini'iits pcrfornHMi with tlie Wvnkoop Wlieel in the 

'■■" ''V "I M'" »i ..riappX llaiiibliiiof thisdty. I lind'il to utilize more than 

l|.i pi-i iiiii. Ill ilir ab^,ll|llt«' wfijjlit of water used; prol>ably nearer 200. 
Till '. I iij.'ai'l an no n ii»laliiin of tlu< principb* laid down in our natural philos- 
opliv, \i/. iiiiii III. wiin,.| ,••111 |i,> invi'iitod wliich will utilize 100 per cent., u 
Mil' wbi'i'I 111 iincMtbiii is not a sinyl« on*;, but such a combination of wheels, 
ibi I'an not. full to j{l\«' a vast iiuM<*aHt* of power. 

I. i\ COCHRAN. Priinipal of Owosso Union SchooL 
HKNRV GOULD, Millwriglit, Owosso City. 



The Economy Water Wheel. 
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The Or«at CompouDd I.-X.-L.-- 
Turbina Water Wbeals. 

JOglPH HOrCM, Egl. r.b-IM, 

Eloriscu.m l-.O., Bccii CO .Pi, 


^Hffl 




Efficiency of Turbines. 



In reporting the efficiency of the many water wheels brought 1o be tested dur- 
ing the past ten year:?, it has been a very difficult matter to suit all that have 
been interested, yet no builder has ever expressed a d tubt that any other builder 
has ever received a less favorable report than he deserved; but in their own par- 
ticular case something a little more favorable should have been Faid, or some- 
thing unfavorable left unsaid. Thousands have asked my advice in turbine 
matters, and many hundred?, if not thousands of turbines have been selected 
upon the advice g^ven ; yet not a single complaint has ever been made that the 
wheel recommended proved unworthy of the recommendation, nor in the ten 
years, has a wheel that I have reported poor, proved by practical use to be good. 
Time will determine whether my opinions, statements and reports relative to 
turbine matters have been well foimded, and to that decision I am willing to 
trust. 

. In making up the following reports, my purpose has been more to aid builders 
in selecting the best plans than to sell wheels constructed upon any of those 
now existing; to do so, requires a knowledge of the lowest as well as of the 
highest results obtained by test of each, and such are given. 

The extreme variations in the results obtained from every kind tested, should 
convince purchasers that there is no certain way of procuring a good turbine 
otherwise than by testing, before acceptance, as they would do if purchasing a 
horse. 

The wheel of B. J. Barber might properly hare been placed in the group with 
the Wynkoop and others of that class— not that Mr. Barber believed in perpet- 
ual motion or 175 per cent, wheels ; but he believed that an unexpended force 
remained in the water discharged by any single turbine, and that that force 
could be utilized by adding a second wheel below the first. His plan, however, 
carried out m shown, simply produces the ordinary downward discharge wheel. 
. Mr. Barber erred in using the central discharge at all. for much better results are 
possible with the pUin downward discharge than can be obtained from the cen- 
tral, or his combination. 

The other wheels with double discharge, reported in the following pages, such 
as the Swain, Leffel, Eclipse, Angell, Walsh and others, were so constructed, 
under the expectation of obtaining increased capacity for a given diameter, 
but a comparison with the capacity of recent plans vrVW %\vo^P7 \\x^\. %vvOck. ^-^^^^r 
tiooB were not well founded. 



A. M. Swain, North Chelmsford, Mass. 



S^AfAIN TURBINE, 



One of the eitrlipi b%h c1»s i>hr>elt, made «Uh m 
td^. placed in "qmirler torn" or "flume curbr'' 
abunl fliartia^ tb<- teslLng F^patem. 
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JAMES LEFFEL & CO.. SPRINGFIELD, OHIO. 




Ttdi ceitiSes that a WaUr WtiMl 30^ Incbea In dian 
Iron— axcept lower boalieU, which ware ol inoiight Iron— known u the James 
Leffel UoDble Turbine, wag 8«nt to be leated, fhe figures shoving Ihe eiact 
results obtained by me. may be found belon. Ihiring the test the scale beam 
WM attached to the brake at a poiul which, if revolving, woulJ doecrlbe a cir- 
cle fifteen feet In circumference, crnsequently Ihe revolutiDos of the wheel 
must be multiplied by fiReen to oblsin the correct speed. 

Length of Weir. 7 feet ; correction (Or Welrlevel,— ,016; temperature of Wa- 
ter, 88° Fah.) we^ht per cubic (Out, 6J.3iT. See genera; report. 
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Waldo Whitney, Leominster, Mass. 
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WALDO WHITNEY, LEOMINSTER, MASS. 
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Whole Gate, 1... 
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.f^64 


785.43 


.752 


" 2S. . . 


6.77 


160 


105 


7.61 


.658 


792.53 


.760 


•« 29. . . 


6.75 


170 


99 


7.65 


.564 


807.72 


.742 


oU. . . 


6.72 


180 


98.5 


8.06 


.667 


814.66 


.779 


" 31... 


6.70 


190 


88 


7.fiO 


.678 


825.68 


.727 


" 32... 


6.66 


200 


86.5 


7.83 


.580 


841.31 


.739 


Part Gate, 
















K ^" 


18.51 


450 


163 


38 34 


.731 


1197.48 


.796 


% 36... 


1«.74 


390 


162 


28.72 


.660 


1024.16 


.792 


M 36... 


19.20 


200 


167 


14.27 


.500 


666.34 


.690 


7i 37. . . 

}4 38... 


19.45 


50 


211 


4.79 


.878 


460.83 


.282 


19.45 


50 


142 


3.22 


.310 


342.70 


.255 



Whole Gate. 



2d wheel, Jime 25, 1873, 



8d wheel, Jul/ 17, 1873,. 



4th wheel, Aug. 16, 1873, 



Head. 


Weight. 


Rev.per 
minute. 

174 
163 
154.5 


Horse 
Power. 

35.59 
35.56 
35.11 


Cub. ft. 


18.40 
18.39 
18.39 


4W 
480 
500 


134.'i 

1374 
1389 


1824 
18 22 
18.:22 


450 
480 

440 


166.5 
158.5 
169 


34.61 
34.58 
33.80 


1342 
1370 
1332 


17.91 
17.90 
17 88 


400 
450 
480 


184.3 

168 

lft\ 


83.51 
34.36 


1317 
1348 
\ \'5\\ 



Per 
^ent. 

.762 
.746 
.728 

.747 
.734 
.738 

.753 
, .755 

\ :v\si 



B. J. BARBER, BALLSTON SPA, N. Y. 



IFrom my B<Torl oT 1871.] 




n 



miota QUI, EI 



BoLYOit, Masb., SalitWitMr 30, U7^ 



JAMES EMBKSOH.J 



63 
THOMPSON & HOLCOMB WHEEL 

This certifies tliat a Water Wheel, 30 inches in diameter, made of cast iron, 
fly-trap gates— downward discharge,— in form somewhat like the Houston, 
known as the Thompson Turbine, was sent to the Holyoke Testine Flume by 
A. P. Holcomb of Silver Creek, N. T., to be tested. The figures snowing the 
results obtained bv me, may be found below. During the test, the scale beam 
was attached to the brake at a point, which, if revolving, would describe a 
circle fifteen feet in circimference, consequently the revolutions of the wheel 
must be multiplied by fifteen to obtain the correct speed. 

Length of Weir, 6 feet. 

Temperature of Water, 82o Fah. 

Weight of Water, per cubic foot, ...••. 62.875. 

Correction for Leakage, 18 feet head, ••....... 13.10 cubic feet. 

Correction for Leakage, 12 feet head, ......... 11.10 cubic feet. 

Correction for Leakage, 6 feet head, 9.10 cubic feet. 

A second trial of the same wheel to ascertain the effect of short extensions 
added to the outer end of chutes, for the purpose of rounding or flaring them 
when open. These extensions prevented the gates from being opened quite 
as wide as without them, consequently less water was discharged. The partial 
gate at first trial gave best percentage, but owing to a breakage of the gates 
by the ice at the second trial, no part gate tests cuuld be taken. 

The wheel run very steady, was easily regulated, and from its high speed is 
a favorite with those who have it in use ; its gates, like the Lefiel and all of 
that class, would be likely to become leaky. 



Mo. of Test. 



Whole Gate, 2 . 
3. 

4. 
5. 
6. 
7. 
8. 
9. 
10. 



HEAD REDUCED. 



Whole Gate, m. 

" 14. 

«( 

M 

it 
t( 
it 
«t 



1.5, 
16. 

17. 
18. 
11). 
20. 



HEAD REDUCED. 



Whole Gate, 23 . 
*' 24. 
•• 25. 

" 26. 



July 12tli. 

Test of the game wheel 
before extcnsionB 
were added. 

Whole Gate, 28 

4» 29 

Fart Gate, SO*.!*.'.! 
" 31 



M 
M 



82. . 

83. . 
34... 



Head. 



18.44 
18.45 
18.42 
IKIO 
1A.S9 
18.H8 
18.3S 
1M.35 
18.26 



12.19 
12.18 
12.18 
12.18 
12. 7 
1.'.17 
12.W 
12.18 



6.60 
«.59 
6.58 
6.58 



18.10 
6.41 
18.*.'5 
lfl..3.3 
18.44 
18..W 
6.60 



Weight 



390 
400 
410 
420 
4.S0 
440 
450 
460 
450 



l.TO 
135 
140 
U5 



460 
160 
400 
395 
250 
200 
1-25 



Hev. per 
Minute. 



260 


183 


270 


178 


280 


172 


290 


170 


300 


161.5 


310 


15(5.7 


2>*!i 


1G9.5 


295 


164 



220.5 

220 

221 

218 

215 

211 

207.4 

S03 

205.3 



119 
1X6 
13J.5 

128 



206 

las., 

203 

208 

207 

207., 

102 



Horse 
Power. 



89.09 
40.00 
41.18 
41.62 
42.02 
42.20 
42.44 
4'-'.42 
41.99 



21.62 
21.84 
21.89 
22.40 
21.95 
22.08 
21.96 
21.99 



8.34 
K21 
K.43 
8.43 



43.07 
7.53 
36.60 
30.70 
23.86 
18.S6 
6.26 



Weir. 



,226 
,243 



l.->54 



262 
260 
258 
261 
260 
260 



1.080 
1.1182 
1.08."; 
1.0H8 
1.091 
1.091 
1.0^7 
1. 



.878 

.878 
.876 
.877 



1.174 

.800 
1.040 

QUA 

.818 
.720 
.669 



Cubic 
Feet. 



1547.76 
1579.39 
15{)9.95 
1614.97 
1611.20 
1WI7.4'- 
1613.09 
1« 11.20 
1611.20 



12ft5.96 
1289.47 
1294.75 
l.'JOO.O'J 
l.m5..30 
lai.SO 
129'<.V7 
liiOO.03 



940.26 
948.28 
945.08 
946.68 



1718.41 

974.88 

14.^3.27 

12TO..'52 

10l)4..54 

8«0.88 

747.68 



Per 
Cent 



.725 
.728 
.741 
.748 
.7*^2 
.756 
.757 
.758 
.755 



.730 
736 
.734 
.745 
.731 
.735 
.785 
.781 



.711 
.695 
.717 
.700 



.787 
.689 
.742 
.722 
.673 
.651 
.678 



HoLYOKB. Mass., Decemher 18, 1872 



JAMES i:.M.¥.^^Q^. 



N. F. BURNH4M, YORK. PENN. 




No. of T»t. 


H... 


WeiBhL 


«H„ 


Hone 
Power. 


Wrir. 


■ss 




WboLGolo 1 


IB 09 


750 


(56 


SS18 


.as 


199US 














.309 


1WS.7T 






18.10 


810 


m 


5&.1!2 


1.3-1 


2I01B 






IB 10 


820 






.312 


atB'j 






1810 






bbIio 




2009.78 










m^ 


32.^ 


L318 


20I3JA 




'^sfrbKiTi... 


18.80 


630 


iia.4 


4S.2G 


1.2ffi> 


17M.«7 




wiiiiUDctiL 8... 


19J0 


615 


146,4 


40.93 


i.;47 


16<S.n 




^^IRKET'.... 


i8.sa 


BOO 


147.2 


83.47 


1.1182 


14M.9B 




"jRftKKlo... 




366 


147 


24.% 


.019 


1I8DA 




'WboleUiiU.il... 




B30 




56 23 


t&i- 


anna 




PuftOalB. 11... 


is.ai 


680 






I^ 


I813.B8 




ITlBKiylhl'lu. 13. . . 


18.26 




14b" 






HI'S SO 




W1k-IbO»1.,14... 






140 


31118 


1>8J 


16KG.MI 




16... 


18'.8I 


386 


148 




.950 


1202.11 




H»d Rvduttd. 
















WlioloGilfi.iJ... 


la.H 


410 


13T 


28.02 


1.120 


166SJa 






ia.ifi 


476 
























lei&Vi 




20.. 




m 


123.5 


2947 


lilM 


im6,»i 




■' SI... 


13.11 


6M 


117 






ii*tn 




" sa... 


vi.w 


67S 




10.06 


iJei 


1661.78 





HOUSTON WHEEL 

This certiaet, that a Water Wlieel 60 inches i 
But iron, cast wliole, Kegisler gate, known as the Uoustan Water 
Wlieei. wua sent tu ttie Hotyoke Testing FUime by 0. E. Merrill & 
I Co., Beloit, Wistoiisin, to be lesied. 



"^^^ 


^ 


r- 


« 


P 


m 


it 


m 


No.orT»t. 


H«id. 


WelBbt 


Rev. 


Hoi« 


Wsir. 


<s 


is. 


WboloOate, I... 


S,M 


^fiOO~ 


112 


ni.so 


.SM 


8660.38 


.BIT 


'.'. *■'■ 


T-sa 
















",W 


IJOO 


lOBB 


on:72 


:b69 


riow 


.8*3 


•• ft!:: 


8-OB 




ion 


08 60 


.B7J 


BT'iO,80 


.838 




a.118 










se»ii.88 


.S«BG 




8« 


IM) 


M 


0T;e8 


Ism 


3099.44 


.8636 


II "■■■ 


a,(n 




10 


OS.33 


.fl«fi 


38BBB8 








1600 


08 














lUO 




10 IS 






!880 


tztOatt, U'.'.'. 


8.W 


1400 




B6.B8 


Inao 


363e:9» 


.79T 


11 "■- 


fl.lO 


law 




S7.B2 






■7ai 




820 




119 












8.4D 


BOO 












w::: 


S.B8 


67fi 


10 


ssisa 


lif^iB 


mtiM 


!b^ 


17.. 


8.10 


MB 




18,66 






3)3 


Mwnd Day. 


Flftrlng 


Exte<.si 


ons to 


chutes 


off. 






holeOnta^ .. 




l&GO 


m 




1.636 


8689,78 


.818 




I'-OS 


](i90 




lOLlS 


1,037 


M96.78 


.829 


Bo::: 










1.626 
















l.KM 




!840 


rtOkto, as::: 












3362.90 


.798 


" 84... 


8.III 


1140 




IB.M 


lilOO 


8iz3.ez 




" "■■■ 


B.as 


1000 








2840.26 










03 






2301 .as 




" ajV.'. 












1992,16 


!4fi3 


M... 


9,91 


aoo 


02 


la^ae 


.SM 




.210 



{Trarions to the trinl of this wheel it hod been frozan loliil in iee at 
\ of tlie flume for two weeks ; to clear it, crowtare, blockd 
ixei and other implements were used, some of which ea- 
_d the wheel with a oraah when it flrat started, probably throwing 
I out of ceniur, for it required the strength of two men applied to 
n of the brske (lix feet in diampterjlo turn the wheel whea 
iG gate wascioieii. 



E. L. SMALL. URBANA. OHIO. 

e round Iwlow. 'ilie pecullarily of tha «lia4 

.._ .1 ..„ i,_i..^ -Imply lurgo budBM. *"- 

eiing Siueles better 




67 

lESTS OP A 36-lNCU AND OP A 48-INCH TUTTLE WHEEL AT 
SMITH & MEADEK'8 MILL, WATEKVILLE, ME. 



36-iiioli. 


Key. 

I»er 
Miuute. 


Weight 

in 
Pounds. 


Hone 
Power. 


Head 

in 
Feet. 


Weir. 


Cubic 

Feet 

Disch'd 


Per 


No. of Test. 


Cent. 


Whole Gate, 1... 

11... 

tt 12... 

Part Gate, 18.'.'! 
14. . . 

t 48-inoh. 
[ Whole Gate, 1... 

[ It o 

" 9... 

" lu... 

" 11... 

" 12... 

% Gate, 13. . . 


190.8 

162.6 

161 

176 

168 

148.4 

140 

184.5 

187 

ISO 

126 

161 


426 
600 
615 
826 
180 

900 
MOO 
1025 
1060 
1100 
1160 

425 


36.86 
44.82 
46.01 
25.82 
9.93 

60.71 
68.68 
64.58 
66.38 
66.00 
60.88 
31.11 


16.85 
16.84 
16.79 
16.68 
17.22 

14.63 
1447 
14.46 
14.48 
14.48 
14.48 
15.73 


1.438 
1.450 
1.446 
1.260 
.963 

1.6.'W 
1.680 
1.630 
l.«32 
1.680 
1.632 
1.312 
^ 


2746.83 
27 i 9.65 
2768.70 
2V27.83 
1489.98 

41.'W.02 
4145 97 
4145.97 
4149 62 
4145.97 
4149.62 
2992.99 


.4479 

.5572 
.8698 
.2066 

.6248 
..5612 
.5831 
.6626 
.572 
.671 
.349 



KB8TS OP A 42.INCH TYLER, AND A 42-INCH REYNOLDS WHEEL, 
AT VASSALBORO* WOOLEN MILLS, VASSALBORO', ME. 



Tjlmv» 



Ko. Gf Test. 



Whole Gate, I... 
•* 2... 



(I 
II 



9. . • 
4... 



ReynolcU. 



Part 



Gate, 
<i 



1... 
2... 

3. . . 
4... 
6. . . 

.^_ ^' • • 

Whole Gate, 7... 



II 
II 
II 
II 



II 



Rev. 


Weight 


Minute. 


in 
Pounds. 


168.6 


700 


164.4 


760 


160.8 


800 


144.6 


1100 


139 


800 


168.6 


760 


172.5 


776 


173.6 


800 


161 


860 


149.6 


900 


166 


1000 


161.6 


1100 



Horfie 
Power. 



63.66 
66.05 
58.47 
72.80 



50.64 
67.44 
57.74 
63.09 
62 20 
6120 
76.46 
80.80 



Head 




in 


Weir. 


JTeet. 




27.21 


1.264 


27.21 


1.282 


27.21 


1.282 


27.21 


1.297 


28 


1.210 


28 


1.210 


28 


1.210 


28 


1.210 


28 


1.210 


28 


1.210 


28 


1.297 


28 


1.297 



Cubic 

Feet 

Disch'd. 



2609.60 
2664.84 
2664.84 
2776.10 



2436 82 
2436.82 
2436.82 
2486.82 
2436.82 
2486 82 
2776.10 
2776.10 



Per 
Cent. 



.8999 
.4069 
.4266 
.6063 



.3918 
.4453 
.4477 
.4892 
.4823 
.4746 
.4683 
^15 



l%is certiUes. that qn the 8th and 9th of this month I tested two 42-inch 
water-wheels at the vassalboro* Woolen Mills, Yassalboro*. Me., George 
Wilkins, Agent. 

The first was called a Tyler wheel, though not made or furnished by Mr. 
Tyler. Regulator speed of wheel 170 revolutions per minute. The test proved 
that it was ran at a velocity much too high to utilize its greatest effectiveness. 

Second wheel, a ** Reynolds." Testing first with gate open the same as 
When running all the machinery attached to it, six tests ; then the gat« was 
opened in tvL\\\ with 1100 pounds on the scale beam the wheel ran very un- 
steadily, so much so that it was considered uaeless to try it with more weight. 

Weir 10 feet in length, sectional area approaching weir 26 feet in width, 
depth below crest 2.6 reet. 
<i^>riJ 15, 1872. JAMES EMERSON. 




iZ-lBoh W)»«*l 




*:i»S::: 



Tlw water In the nee belnw itao mill wn 30 inch< e srprnn d«pth. 1 
Wldtli, lt<rrl«ikytniiiBeagnMM to l'hh it tobruk wUle.Un&U 



J. W. UPHAM, WORCESTER, MASS. 

3p1uni hiu been In the Watei Wheel biielneBH fur mpiny yean, and !■ 
%r hlisIsrlliiB: InWErily. The wheel he now huDds ieonBtimllHi to 
Bton Wheel liiverled. It hae a rwlBter gafe that worka very eaBlly, aa 
lie inBlde at the top anrt btdbII. The tlEnrea below nere obtnliind Froin 
mv Lowell Flume. The two lait uu iif Hgnres are glren to ulinn the 
wnLch it fluj be mn. and prodnce good power. 




H VaoCTtM. 


-d. 


Weisht. 


E.C 


£s; 


W.lr. 


K 


c" 


r 




3 




1* 


1 


i 
S 
i 

a 


1 


1 



E. G. Libby, Medford, Mass. 

L aboil!, ira« dcBiEiiFd br Mr. libbr 



taod. 


Weight. 


Bev.pfrmin 


Horsepower 


Cubic fc«. 


Fee Cear. 


li.23 
. 19:48 


1 


m.i 


i 


]981*:3D 


:45M 



Hunt'a Double Action Turbine 'Wheel, 

Wm tut >1 ibo lv(t repreicuu tbi Hunt curb, with Ihs downward tnit ov 
dlMlurKC »ll«cl wllloli BH»e Ih" «>iilt» repnrteci in the ai-Mnil (ililri bdai. , ... 
oilwt eul nup'ienis iliu whgri Kcnnnilly used by the Mum Uichine Ve., (ibi 
Bwdil : ■till tbn ooD ipving ihn multi repoiteJ In iho Snt iuMb be!DV|iln, 




Ttilo 


r 11 4S.1acl> Hunl-Snuin whi^t^l. S 




Ile&d. 


WelBht 


minutF 


B. p. 


leel. 


<££.! 


^ WholflOu 

PunUiM 




SOU 


S3 

8t:t 


if 


if 


!hS4 I 


T<!ilrf«Uuiit.rUnl whao 


downward und o.Hw.ni dlwhar^e ; tee boUom ad 
bucliWi 1.1 purb above. ^ 




ne.d. 








cSl 


Weight. 


minute. 


"■p- ftft.° 


WboIaOu 

PmrtU»« 


isisa 


1 


1!6 


M.09 I7S2.1I1 
W.p j lflT4.7J 


i 


TMtgfallumwhetl.dow 


word dlMharge. in Ihe §Bme curb in Uie ana nbore. J 




Hf>d. 


Weight. 


-K" 


Hoi-»e 


CuWc 
(«t. 


.^.1 




ISM 


oas 


ISl 


aiiw 


ISDD.TS 
1BS1.BT 


^1 
















^^H 


J 









Bodney Hunt Machine Cn., M 




os.j^isro-:E:^ s^jlss. ^^^^^| 




... — ^^^^H 








Sunt Double Action Turbine was sent la tlie Bdltoke Tebtinq ^M 






STldhe b7 the Rodney Hunl Madiine Co., of Uroiige, Mass., to H 




Iw tested. The date of eaub teet and the fignrea Bhowing the exact ^U 




Te«ults obtained bj me, may be found on the following {lages, Dur- ^H 




Ina the teat the scale beatn nae attached to the brake at a point, H 




which, if reroking, would deecribe a circle £lleen feet in circura- ■ 








by Meen to obtain llie eorrect apeed. DaU for one luiiiate : H 




Length of Weir 6 f^t ■ 








Weight of Water, per cubic fbot 62.S7S. ■ 




Correction for Lenkaite, 18 feet head, . . . 14.20 cubic feet. ■ 




Correction for Leakage. feet head, . . 10.:^ cubic jeet. ■ 






No. of T«t. 


Head. 


Weight 


par' 


Pow. 


Weir. 


■s 


Par 

Caot- 
nge. 




VholeCtB, 


TOT 


"850- 


— !6:6- 


"3708 






^72« 






1B,3B 


m 


77.6 








.B3S9 




" la.. 










180 


14UL<I9 






" 18.. 


KM 










1480 30 






1 " 14... 


18.M 


m 




4a;26 






!82ea 




" IS... 


KM 


£30 


78 « 








.R3G5 




" w... 


18.85 






4^!6e 


!l7fl 




.84^ 




<' 17... 


IB .as 




S3' 


42.U 










" IS... 


18 SS 


GOO 


es 


43.U4 










ft^.'^'Jg- 


BBT 






41,rB 


Lira 


H22O0 


8308 






8M 


4B0 


188 41,« 




1425,62 






" a?... 


838 


WO 








!839G 




i; !8... 


a.4S 




m'.T aaM 




J3IB02 


.7722 








450 




87 B4 


1,125 


i8e2.«r 


.B056 




"' 25!!! 


fM 


teo 


i7a.e 


M.M 


1.12s 








" »... 


8,61 


350 


17B 




.P32 




^561 3 




" 27... 




Z36 


m 


'0:0? 


.827 


■M 


a 




flwd Rsduwd. 


















« *'■■■ 


UM 


aw 


1738 






















!e85 


ii3e!iB 


!7esB 




" 82^!! 




son 


1(>7,5 


21 47 


m 


1IBS,66 


.804 




" 83... 


12.17 


m 


151 








.804 




a... 








12!41 










" ss... 












1201 !87 


!817 




" w... 


HAS 


am 




22.41 


.m 


J 20a -n 


.BOm 




u "■■ 


vj.na 




3t6 


^.m 
















W 


2a.2-i 










" bb!!.* 


i 


iHa 


m 


1215.17 


'.im 



Gates Curtis, Ogdensbar^, N. 7. 



C0BTIB TCBBINB. 




in thu «y. tUrd u mj Bos 
f.'llnwlng rtwBlw 




perry Turbine, 





T.« 


fwbw 


•a iBcb 


H ill dUmelcr. 




\ lliird 


*«. 


e.^wq"p1«"/wii"mHnjV^of'iuVh° 
(Tbe fine UM I., ill oru.. Ubio 1» U 
whola kub; tba alhvn u put hUb.) 




IM^ M.71 
U«^ M.'tS 


IBIl 

MB 


.lasT 
!lMl 1 

.7M» 
.GSH 

.MM 


1S.>3 






H.P. ,l.-ub.R. 


P«1g« 


UJ4 


ISi! 

IH 


30^ I1M>^ 

w.M iDwsa 

W.U MU-U 

tu M BIS n 
ai.N cw.n 


!S4M 
.'SOM 




9(Li,«birht.4.buck«.«iliHl. 


IJU 




H.P. ;CDb. a.,Pei'I(;B 


D.M 


is;» 


iw.i 




lOSl 


.TSM 


or pllcb n«n Ibw of lb* K-Uicb. 
















Pertg. 




MM 
1M4 


^MSD 






i 


ao» 1 Kjii 

IM 1 li^ 


•£1 
MS 


.TMB 


Itatau 


*St.in«isri^'"-' " 




■rf*M^<«PP^»U»e».«Hl 








BIT 

tut 


mi n.Ti , M» 

»l^ 1 U.T* ' *M1 

lUJ 1 «tB 1 1I» 
MM W-*! 1ST* 


'.MM 


»4* 
l*M 


m 


MM 




.T3H 
-TtfB 



c. 


B.W 


alsh' 


a Double Tizrt 


1 

ii 


e, Waupaca, Wi 


^ 




i 








Jtntat 


B 35.in=h wheel. 


'•»-■■-"-'-■ ■ 




li. I'. 


Cab.ft. F.fH. 




Hev, 1 U.P 


cui, n. p 


■ 


■KM 

ib'h 


BBS 


ei.i9 


im 


1 


i 


s;7 


1 


3-.S 


1 


Watmore 


Whoel, npham Maotalna Co., Claremont, N.H. ^M 
Teal of a 30-mch, hcpl. 17, 1873. ^M 




Hew). 


Weight. 


Roy. per 


H.P. 


fe». Cent. ^ 








Is:" 


4:10 

320 


ISl' 


a).as 


ill 1 

B46.7S ^;a ■ 




























Test of »a 18. 


act,, 3e, ■. 29, 18ia. ^ 








wIti 










;:::::.■.:::: 








Same whfeL, bncliela hHTiui.' b- 


en^ 


upped. 


■ 


£!vt^ 










El SI I 






















,lB-fl 










■ 


S 






18.6S 185 230 ia.81 


4sa.Bs 1 . 


i ■ 




•;;;;;■;:;: 


6 




■ 








iIm I ^ ^'.5 


7^20 


W XI ■ 






" 








MtGR 


M 




ii!m lion so'i 


61. S3 
2S!41 


lawaai S H 


« 




■■ 






^^^■^^^M 
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Stout, Mills & Temple, Dayton, Ohio. 



Test of a 36.inch Dayton wh el, Nov. 20, 1872. 



Wholes Gate, 
Part Gate,... 









Head. 



19.00 
19.11 
19.21 
19.30 



Weight. 



750 
615 
5oO 
350 



Ruv.p. 
Min. 



144 
140 3 
139.7 
146 5 



llorse 
Power. 



49.09 
39.22 
31.44 
23.31 



Cubic 
feet. 

1780.14 

1350.02 

1123.75 

888.29 



Per 
Cent. 



.768 
.804 
.770 
.719 



November 13, 1873, 36.incli wheel. 



Whole (iate, 
Part Gate,... 



« 



« 



18.26 


630 


146.5 


42.01 


1625.77 


18.36 


600 


137.6 


87 60 


1440.20 


18.46 


450 


148 


80.27 


1174.92 


18.66 


290 


137.5 


18.12 


790.83 



.7503 
.7501 
.7400 
.6496 



Whole Gate, 
Part Gate,... 



<« 



n 
it 



June 11, 1873, 48.inch wheel. 



18.10 


1530 


107.7 


99.86 


3514.90 


18.18 


1320 


109 


87 20 


3068.46 


18.41 


1130 


109.5 


74.99 


2647.48 


18.60 


880 


108.2 


57.71 


2200.89 


18 86 


640 


108.7 


42.16 


1772.46 



.8314 

.8280 
.8149 
.7467 
.6964 



Test of 48.inch, January 29, 1874. 



Whole Gate, 

Part Gate,... 

•* ** 
(( « 



17 65 


1320 


107.8 


86 24 


3418.11 


17.66 


1100 


110.3 


73.53 


3010.79 


17.76 


960 


104 


60.51 


2594.01 


18.16 


500 


106 


32.12 


1690.47 



.7598 
.7316 
.6948 
.5548 



Septemb.r 29, 1873, 42.inch right hand. 



Wholrt Gate, 
Part Gate,. 



it 



<« 



17.93 


1200 


112.5 


61.,?6 


2569.85 


17.98 


990 


118.6 


58.32 


2218-55 


18.30 


650 


120 


35.45 


1452.72 


18.45 


440 


119.6 


23.90 


1213.58 



October 1, 1873 , 42-iuch, left hand. 



.7095 
.7094 
.7065 
.5666 



Whole Gate, 
Part Gate, . 









17.90 


1100 


118 


59.00 


2536.02 


18.00 


980 


120 


53.45 


2275.17 


18.13 


820 


121 


45.10 


1918.04 


18.43 


420 


116.5 


22.24 


1160.60 



.6882 
.6946 
.6884 
.5479 



November 11, 1873, 25-inch wheel. 



Whole Gate, 
Part Gate,... 



18 23 


300 


212 


28.91 


1158.24 


18.30 


260 


207 


24.46 


983.53 


18.39 


220 


205 


20.16 


880.49 


18.60 


110 


208 


10 40 


655.69 



.7244 
.7185 
.6565 
.5323 



November 12, 1873. 20.inch wheel. 



Whole Gate, 
Part Gate,... 

ti (I 



18.85 


130 


253.6 


14.97 


606.54 


18.65 


110 


243 


12.15 


528.65 


18.63 


90 


244 


9.98 


448.93 


18.77 


50 


225.6 


6.13 


285.15 



.6938 
.6536 
.6313 
.5072 




w 




[Fstnt KT PoEBTa 


AmtnuB 




*■] 


^ 


nlihed wheel Id t curb >imUar I 
pdPr.u.Edtlistte<»,hadl)Mii 
be very bwit he could lluk>^. M 
DW Bxtd foi the uiaL Ivra A* 


ide ID order. A 
Iho above WM. 
lU fDrltMdU 

• in ^^" b 


put 


h, br 





elea-asilr TtDwrklu 1 " I actnotcU'li/i l/te rigMnfttrrypurrliateTlo aicrrla^n 
If mctiMil (ri^ Ik* mIm a/ an* wAHt iwrrihiirif ; " he further ■curd, tbu he 
Ud bnogbl bl* DTOnUi M onieT la pm (he wheel Id order if il wu not Id gosd 
CMtdUkn. iDdeed.h* WM Tf>7afnliil.Mid oue Dwriudge of 
mat aMmliif "hm jm »• '!"' nhfi-1 km dep'^slied M my 

UiUiacc aniwlrd hi .'■-■" ■> ^ •• t- »prr»l»r"- nudoilKr 

>l>* t*v,infH<l '" ■' »"'! drioanded the w 

Ik* itjrfcMiil ' < a of Iti prin, I lb 

i»k\«N; Mf. CMEm K'd'Mvd lb* wkHt ttM t»* ^ te-M iMtft •( I 
MOM 41 |M WMv ■■ Hf-'tvnl ttn*. Oil,** >te «■*•! ••■( >*(> WW aato < 
»^.t».>i»;iy..«;jMl»i^..«>« M il i », |.«»»»«| 



.H'SAOS^T'M^"' 



^H Success Tort 


Downward d^phirm. Oblj one wheel tei.led,IhB' 
tested severe times : Br>t u il came to ih<^ flume, lliti 

on »nd .cain leeliil. 


^^^H 


Head. 


Weight. 


s:;r 


H.P. 






^& M 


islja 


MO 
300 
WO 


B14.6 


II 


ion 


.7;8» 


^^^^^^^B M^K 8eCaadT»tDrMim«. 


^^^PVfll^^^ft 


Head. 

ie.30 


WriBht. 

■JrJO 


mi 

203.1 
MSB 


H.P. 


1096 


CfDt. 

!gr«8 
.7Sno 


1 l^^B 


ao.« 


^^^^1 Bolliager Turbine, O. J. Bollinger, York, Pa. 


^^^H Ceplnl Discbirgc. 


Head. 


Weigh! 


m":,"j "■!*■ 


feel'." 


Cent. 




18 Jl 


i 


1B7.1I 


as.*5 

28.87 


»48:il 


iffi 




^H 


Delphos 


Turbine, DelDhoa, Ohio. 

TeBt of a 24-Inch Wbenl. 


/f\ 


is!43 
IS 60 


WeiRhl 


STiluTe' 
248'S 


H.P, 


tett? 

81.8.78 
S40 6T 


Cent. 

.7728 
.83» 
.M87 
.2583 


M^ 


»6 


IS 


HE'iiS 


AQDIkcr M-[nch Wheel. 




Uead. 


Weigbl.i^'^Pj 


n.p. 


feet. 


Cent. 


WWe^lia,e 


!«!« 


ii 


S48.fl 
238 

Ml' 


»,ft6 


es4:|H 


!«MS 






TBftDf.ae-incliWhMl. 




He^. 


Weight 


^inWe 


H.P. 


feet. Cent, 


Whole Gale 

PurtGitB, 


11 


7U0 


"/ 




i786:s« ;mm 





J. T. CASK WHEEL. 



I utiUzu ouB-fDunb, Dm^-buir, Ihree-faunhf at 
ig wbolo duwhsqic BclvBiilagcoimiy. The wlieel , 
u ccDIrml mil downwiirU duchnrf^t u,d If' 
liumed to bi- like ihi- awuin. but in miliT hu 
lUv resrmbUoio w Dial »b,d. The lomi Ml 
Bve bwl about d doim different whtpls tntd 
' y b« rouDd below 



II ueii pneo. Tho "tiMtg«E 





t«m 




TC9 


ocao-in 


Ol, Aug. 19,1873. 




1 Head. IW-eitfbt. 


minulr 


as. Si? 


cS. 


Who 


e ttwo.. 
icbul" 


pVarf;.V. 
penid"" 


.. ]8.!iS 1 BOO 


i. 


s 









m' 


237.a 

MS 


3:39 


J15.6B 




12clin 


I ii^rt'' 




.5M 



Abolbe 


aHBOh, differ 


DTi-am 


boDIbf^r. 


•luaec 


Urb. 






Mil 


IS 
25 


"""^ 


'1;^ 


M6.32 
3SB,W 




12 chutes opened 




4 choica opened 





Willi compoupd rtgiitt 





i 


70 
20 


249 


7.01 


878.37 
267.32 




schSiesSjI^Sk!:";:: 

Ichutea opened, 


g 



Teilof .2«-liwh»l 


Hllnbhapollkolhenoiu 


on, Sepi 


K. 1872. 






18.91 IM 






»I3.14| 


ffl 


Ue»dEerfuceiwi\DleG»(e 


.4M 







Anolhe 


rofth 


«me kind >n 


ib>pe. 












K 


IJS 1 Im 


.1 W 


M?:^ 


A53 


UewlRedDai 


.Who 


eGUf, 




^ 




H 




J. T. CASE WHEEL. 




No. Ot Test. 


Hi«d. 


Wilgbt. 


«£». 


Honw 


Woir. 


Ciibio 

Feet. 


Par 

Cent. 


-^ 


1TJ6 


BOO 


-4 


47.42 


.046 


2038 74 


.(89 




17 83 


eai 






.061) 


2060:56 






















it'ts 


075 


ti6' 


K.Si 






.'729 






700 


62.6 


6170 






.787 




17.70 


726 


60 




.070 


2 10.10 


.747 




)7.a9 
















17,87 






64,60 










17.63 


800 




66 63 


1.084 


2 82.08 


.776 




17,62 








.0§8 


2 63.61 


.781 




17.82 






60*41 


.088 








1-61 1 876 




67,27 










17 60 900 


142 


MOB 


:o9e 


ai88.!6 


.774 




17.G8 




132 






a200 3fl 






17 68 






6B11 




snSAS 


:;22 


HMd fl>d>CMl. 
















b^ Oate.lT. . . 




660 




32.7» 








H "■■■ 


12.1 


626 


117 


83.24 






'.m 




13,16 


600 


118,6 


32.32 


,868 


1814^12 


.78 




12.1 


bib 


121. B 




.968 




.771 




12.18 


618 


117 


82:71 






."84 


" 82... 




eSG 


m 




'.m 


1S25J6 


.792 


'Hud Ridunil. 
















ludaaitta.M... 




3fl0 


S4 


13,SS 


.m 


1861.90 




" SO. . . 




860 










'.TK 








776 


laloo 


'.m 


1369:84 


.749 


<; a?:.': 


9.73 


340 


86 


1B.29 


.901 


1868 B9 




?»!.!!;:: 
















:7,M 


800 


182,6 


48,22 


, 44 


1743-96 


.820 


'<■ '• 31,, . 




40n 


1S4 


84.36 




1173.98 




" •■ sa,,. 


16 41 






22 48 


'. 12 






" " 83.., 








27.27 








« " »... 


18W 


ISO 


13B 


9.48 


: 12 


670:4B 


isSG 






ertofSOlDd,..^ 


ug.iaiS. Hsad 


Weigh 


_ BcT.p 


'. ^r 


CdUc 
Feet. 


Per 

CCBI. 














































ii 


J90D 


wi^fi 


\u]l 


483fl:n 


''\m 
























kt TjDiBnTiUe, C 


ODD., Platn*r*PorlerMr((CD., IlMtfd the power o 


lOBtot 


.IttHlsljleN* 


aoniUwIiwl.; It ™ fai below its tabU'd rale for po 


rcr. and 


e^tnnKti^l: la the <„e a[ wauc tliM >I hhs 1mm 


edlilelf 








^^^ ^ 



Ansell Wbael, Proridisnoe. B. I. 




Ko-ofTaC. 


n<.ad 


Weight. 


■vr' 


FoHer 


CnWc 
fctt. 


IVr 
C»nt. 


Uy, l'7a, WbolB GtiK 


1 


n* 


14S 


siiia 




.T3US 


S " 


.57BH 





A 


SW-INC 


B WBKE 


tBEST 


OBETE 


BTBD, 






», 


Of Tot. 




H«d. 


Welgit 


K" 


n^r.^ 


Cnhia 
fcrt. 






otn GbI" 




i;l 


1. 


IS2.5 


40 .BH 


1*76^ 
13M.M 

IKra,IT 




IT^== 





On.rcport of tchn 
to Otio -^ ' ■■'■ 



No.ofTEit. 


Head. 


WoijtU 


"H," 


nor,» 


'JS'IJ 


Dea. 16, Whole Gjil 


18.411 


480 


i«t" 


11 


liiniai 


1 



Of courtn Iho wIic-eI wnt rnjoelfil ; then the wheel tc-ti-d, Not. 3. n 
nhucd bj-ihe An([«llCainpanr, HnaretamcdtoDllihi'anlFr. ICwu,.,., 
the flume, »nd found Iq nin no hunl, Ihntl atoneorefmcd to te<l It untU i! 

In oon'dition In run, no thul it would not reqiUro thirty or forty udjndi to tt 
where ten ihould hiivo done lo, mill tho whcol wm retarned W tbe (be 



to br tested, wid gnvB Iho fo 


wheel « 
wnl. are 

llOWLdg 


lie gold 


ondltion 


jlj- W t. 


:,.lb 


.r 


w'^Mt 


Xo. iifTeal. 


n»ad. 


W.iBl.1 


Rev .per 
Mill. 


Pow™. 


feet." 


C^lrt. 


Sl!;l-«=" 




islai 


1 


-S 


64 ,M 

oa'88 

W.OB 
OT*M 


3 709' 18 


.iser 
























.4MT 




ZD.99 


Wfir. 


lt<;y, por 


WeiRht, 


SiS. 


Cllbld ft, 
Diseb.rg-d 


Pereeut- 


IlilS 


fl._J80__ 


i 


^36 

•boot 
IQ3 


■bniil; 


.S01I9 
^603 
.9000 



Plennikea Brothers, Bockford, lU. 




WleO 



Gardiner Oox, Ellawortb, N. T. 

lliinililie.l k wbecl tliU he islli'd dnublr 1 it consbled of n linb, with > Joni 

rgwlariiitiJ Us lovTer cpd, iliu baekcis above btini( coniirmci li7_Bliept Ir 



T. H. BlKkm & Co.. Uoant HoUy. N. J- 







T. H. Bisdon & Co., Mount Holly, N. J. 

RISDON'S WHEEL. 
Ihe numy lUidon whwln tewed bj mc.qnlte a number of (hem h«enin(red 
g-lnlbe irTentlFS In perFenug?, but Ibronsb >amB MlBht cbuiin iiner* first 
sveiy wheel textEii, (eici>pt mn or Ibree of tlic VQ-Incli xlie) bu b:'ea QUdis 




K TeMofKi'i-inDh. 


.i.aa 


Weight 


li,;. p.r 


U p i-ubic 


.t.'. 1 




ills 


IBS 


3U8 


ifl.dT eiu.M 


'.im A 




^Klm^ 


i^zl'ss.v -^ .M 






dDubKilly p.cH 
Ti'rHofaSO.lnclj StpU la, 1378. 



WMtOot'. 


Ilcud. 


Wcighl 


Itev.pe. 
minulc 

U<2 




<nble 


1 


Kftr;;;;;;::;;;;::::; 







JSfSs 



-suteil, Seiit. 13, JS73, 



T' li itlii'it w«« knnt m » ■tiranlB wheel ; iia <•■•■': iiii'<-» l.ij lnc-is« : t1i< 
till 10 •O'oll Inililf I^UIl, tvllUr <lie oiir- jnc- in "lied (■guHllcd OTt hm 
IihTIii-*! r>l>l 'R Ilio ml" iliroB luchoii cauo-J u d.Brbur,«u of on^linlMlut SoS 

6M llirnuKii 111* wlH'i'l «l whole i-iitii. h'ebruury Isi, 1877, the tauAeHirfai 
liDxl w*rt illKblly vUliipcd oil Ihn edge, thca i' nus xont la mo to tM lemdilH 



jirL-vlously Irifd. I'liEwiflUhttW 



«1<]>lli*(in]lNary»r>, 


„„™.d 


ft.rlwu 


week. 


WUlb 


"""*"-« 




Ilrwl. 


Weight. 


HeT.ptr 


s=. 


Cubic 


Tt 

CfM. 


O.Mop-n<.dls;^^jl«...... 

■I ■■ sinoiioil!!!!! 


8M 




ana I 


uj't 


._B0« 
>7M 



Tyler's Flume "Wheel and Curb. 



JabQ Tylep, Cli 




■ *,*»,..... 


!Icn) ,W gbl 


it^> p^ 


n p 


Cubic 


cS. 


If^ola (iwe,. 




1:1 s 


mis 


HM 


7m:i9 












H 


Bnokcwwor 


dilppcd buck. Be-b-stedApiilEl. 














■JboolcaU chipped buck mnro 


«nd gate opeainLi fnUrgod. Agiin tested April SI 




is' 67 

la-K, 


i 

100 
00 


1: 


ai.ie 


ioar.3S 








W ;; 


.S!3t 


ft ;; 


■«^ 


fc, " 


.4171 



ChUiplnR Ibn bnckfts tbrpw Ibe v bi'cl out of bnlancv fnllml itwssrp 

— Wllhwood; [ht wheel wiuminniiipd up tn-uenUIr, IlipoBnnt 1" "- 
■• ' trjln; It i^uln it wa. found Ihat 



' " I I t ' '" ' 1 " • '■'-— ^'^^^ 

' n.-i «__4,, £••-»«■ tlanr t Cmbic \ ._ 
"**- *"**'- »itfc. p„p I fcK. Cat,^ 

W ^atoOt w i TS aa i!.<r frng^j .aa 

■ilh»rf n ITi II rtlllf ia HI ■la. 
Oct. IS, BIT, UBBd (l«di T'iT nvH vIihL 

tfbnteiiMt. - 1 iiM~i~iSm 1 ;* i »iji |B»n.ai"^ 

V>U)l*^)«n. 1V«! VS H*j 4r.,;4 3^>l I ,T1H 

l->it»«*, 1 i*-Tj < «K( lii I iic iisiffij .nn 

- ■• I K.1. TJS IM I «.** 'WKBJ J« 

A. N. WoITb Turbine. 

Mi>nufB«iurwl toy BartMr A Son*. JUIantown. Pa. 




Tne iini Woil wbeeU ptnt lo be tncrd jtitc fX(e«dtDg ^ood icsolt* uicl vers 
rvpoftrd MftoT^iagljt which cAOBrd nwulkciartn to order otbeni m th«« 
vtn »eDt to be tutetl Ihey wot taand to be pot only U*s el&^at, but abo not 
veil nude. Tlw U-inch wheel reponcd an neil pMgr nu ordeml (br tbt Senloa 
* Runig* Piper Co. or BolftAe ; it wu so paoil}- nude thit while budllng II U 
erilcr To lower it Into leilioK Adbk it cuue mpul uil Ihe wheel dropped to llie 
bottom ; It wu leot u sueblne shop uid put !dio mDch beii« coodiiioa ihui 
wbCB Bnt rreiWcd. The cdgei of Ibe bnrkeu n-ere W(i hj Ibe bnildrn fqau«, 
varjlBg Id ibirkneu frnio one-h^f la three-raDnha ot ui iueh; Ihoie wen pir- 
tUUf rounded, then tbe wb«I wu t»tnl, giTlng Ibe letulla nponed- Ur. 
Wolf losk lb* wheel out and chipped Ihe bnckets lo no ed^, made it tun «uier 
■ben hud II Idled IgHin, obliitning Ihe reanlu reponrd or Hcond 4S-iDch wheel. 
In (utalninK llie wbetl ud curb I found ihe cuiing to he so ibltiu lo be birdlf 
ttitint Ihs prcKuie of (be H irei head for which II wai ordered ; the crown 
plaU uf curer wui Dve kn In diameter. Ur. Barber inalsted that ll wxs Three- 
fnnnbi of *ri Inch in Ihlckneu. but on drillinf througb, it wu founJ to be 
bat Ibree'Clirhtba ; li wu rrjided. 



Tbbi of i;*-indi. Mul'lply 


89 

rvdtulioDB of nbeel liy lU lo get speed for 


compub H 




ncu9. 


WclKht. ^^fP" 


^^?. 


^ftel." 


H 




Ill 


W>l 


147 -A 


i 


Si 


.8438 ^H 
^1 
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Holyoke Machine Co., Holyoke, Mass. 



As turbine builders, this company is exceptional; having no patented plan of 
their own, they sti ive to find the best, then to build from thai upon royalty. 
The Fourneyron Boyd«-u has long been a favorite, aud they have uudoubtedly 
turned out some of the luost perfect wheels of thai kind ever constructed. 
Indeed, it is very doubtful wh iher there is another Machine Company in the 
country that now lias an engineer capable of making a plan for one of thoso 
wheels and superiutt-ndiu;; its construction tu compl tion, thouf^h one or two 
other companies m ly c mstruct such wheels from old plans. The demand for 
ch -aper wheels caused the company to arrange for building the ** American'tur* 
bine," which it has done for many years. For some lour years past ihey have 
also beeu building the Hisdou wheel and more lecently the Hercules, all of them 
Well. No other builders send wheels to be tested < f such uniform completeness; 
cue of tlieir wheels may stand in the flume davs, then will run as free as if just 
set. I have tested nearly or quiie a hundred, wheels of their make, yet have 
never known one of them to become bound while being test* d. As they have no 
private testing flume, hU of their results are known: but wheels below a reafeon 
able efficiency an^ broken up, so that,notwithstandini; the large number they 
have had tested, their average percentage of useful efiiect or wheels sold has been 
hiirher than that of any other builder. £very purchaser can hive the exact 
efficiency of his wheel and the sp* ed at which it should be geared (hu important 
feature), by asking to have it tested before delivery. The following card pre* 
aents the characer of the company briefly and to the point, belter than I can 
do it. 

CARD TO THE PUBLIC. 

The Bisdon turbine gives the highest results ever obtained. See record of 
tests. 

Certificate, 

Becord of all the tests of the Bisdon wheels made by me for the Holyoke 
Machine Company to November 20, ld75 : 

Test. Size Tested. Full Gate 7-8 Gate 3-4 Gate 5-8 Gate 

Percentage. Percentage. Percentage. Percentage) 

No. 1, 25 inch, 87.04 81.12 77.19 67.85 

•I 

4t 

*♦ l\ 25 " 85.i3 82.00 79.64 

••6, 30 •• 82.03 77.31 69.43 

" 7, 50 " 77.79 77.63 75.59 70.47 

" 8, 40 " 79.63 75.79 70 00 65.27 

•* 9, 3d " 89.79 82.88 77.95 70.85 

" 10, 40 ♦• 90.01 75.85 

•« 

t( 

(( 

«i 

Jambs Ehbrson. 

It will be observed that the first forty.lnch wheel gave only seventy-nine per 
cent. The patterns were then changed to correspond wiih the thirty-six and 
twenty-five iuch wheels. The new wheel gave ninety per cent. — see test No. 10. 
We are now changing the twenty-inch aud filty-incb patterns, and hope for 
equally good results. The above wheels were tested by Mr. Emerson, at the 
request of th.; purchasers. We have no testiutr flume of our own, and therefore 
have no meaus of knowing what our wheels will do until public test i^ made. 
These wheels were all of our ordinary construction and finish. In addition to 
t le above fourteen wheels, we tested last December a twenty-inch experimental 
wheel, which gave seventy and eighteen one hundredths per cent. This wheel 
was condemned and no more will be made until patterns are made to correspond 
to the thirty -six and forty-inch wheels. 

From our experience we are satisfied the interest of the purchaser requires 
that wheels should be tested before acceptance , and hereafter we shall furnish 
tested wheels when desired to do so ; and if a purchaser desires to have his 
wheel tested afier it is set in his mill, we will make tiiQ \.(^«\.\Yi&t^/VL xX:k& '^x>:l- 
chaser wUi pajr the extra expense incurred thereby. 
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90.01 


11. 


72 




81.29 


12. 


43 




83.04 
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Average, 83.88. 
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D. P. Blaokstone's Wheel, Berlin, Wis. 
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THE HERCULES TURBINE. 

PiTKSTIO JiN'r 11. ISie, BY 

McCormick & Brawn, Brookrield, F'enn. 





The Hercules Turbine. 
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tAiblcliiucCulrlfertBCwhDln giiali..d bennobUuned b;M>erHl builder*, but 
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moored. In Ihe meantime the psicntees hnUly disposed of their ligbt to build 
tirlhaWeBteniStMei; this, ofcoune, ended the chance for a aulon of builders. 
1 TDie amtiMI, howtier, «« eoau caaarled : then the pUi uteeB ofiered the Bol^oke 
[ Shchlna Company ™rtahi esdusiie rlglits in their UMent. I opposed thp negn- 
' —Blions, because 1 belicTed Ibon and continue to behevethatit would be belter 
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Stilwell & Bi^rce Manufacturing Oo., 

DAYTON, OHIO. 
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Bt^dan Turbine. 




b limes: In pnrcliiBing any other Icind of turbine tbe pnrchuer Blmut inn- 
fab^ makn [nqairieii la order lo mt ihe be«I; Ih> Boyden Hrker miJiea no 
KquUei except, perliiipi, im to dpsdly and coni, inppiulUK nil ro be s»ke oi lo 
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Humphrey Turbine. 



MimuniatuFsd by tha Humphrey Mnohlna Co., Keene, N. H. 

or All (he Carbine buiUlerg eilBnl. pii[1ui,p9 cicrplin: J. P. Collini of Norwlpb, 
Cl.. there is no oihi-r prnbablj IhM cua be imnii d, so immcuielv jcientific anU is 
iHiiliag ovet with Eht'orii;!) S9 it Mr. Jiumptarey. The lears bulow will uil tha 
roiaer td judge wbcthnr nunii Iheaticttra iirnctLcnU)' beneOciiil. In pliulng Uib 



iDDiplii'er MuchlOB Co., 

, _.. ._ .._oon»tr»c«dforr»ch ol 

tbe wheele. Tlicte ireln wre ol leu capudtj' than deiiivbli, but If tbere were 
any errors in meBsurEiaenls lliroOBh Ihis luck of capneltj.Bath errors would be 
entirely la titox of tbe wheeli. ttch wheel mu Iharoa^hljr dcaued, prevloai 
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In the millnbera tha at-lncli wheel In ascd Ihe mslnllnD c 
to run 100 reTcdatlom per minute; the si'a" rvianeciing tne wiieei are one la 
thrae, conaaqurntlr Mr. Huinptare; prepared the wheel la run 300 irvoludonl 
per mlnuto under 31 Ret bi'nd. 

The mda ahafl in mlil where the SI inch wheel !■ naed ig arnin»d la conned. 
Uoa with the machinery u>ed to run at IBO rcToluiioB- pr^r ra nute. Tli!> shaft K 

OTer, by the lelta,l!iil Mr.. Hiunphroy wag vary wild in li» tijc"' -■-— "-■ 




List of Wheels Tested. 



Tho9€ having a 9tar placed b^ore name are tpecially reported^ 

*A]iERicAN, Stout, Mills & Temple, Dayton, Ohio. The best of the early 
wheels. 

*Ak6Bll, Providence, B. I. Double discharge, central and down. Buckets 
cast separate, then bolted to hub, very apt to shear off. Fly trap gates, very 
leaky; is steadier, gives more power and higher useful effect with central die* 
charge stopped. 

Arbowsmith, Lockport, N. T. Central discharge with sheets of steel 
extending the inner edge of buckets until they met like the sides of a wedge 
upon the supposition that at part gate the pressure of water woUld regulate the 
op?ning, and produce high percentage at any stage of gute. The plan was a fail* 
ure. Highest useful eficct, 68 per cent. 

^BuRMHAM, York, Fa. Downward discharge. Outside register gate. 

*BoTDEN FouRKBTRON. Made at Chicopee, Ilolyoko and Other places. Out- 
ward discharge. Poor at part gate and of small capacity for diameter. Useful 
effect of those I have tested has varied from 46 to 85 per cent. - 

BuzzBiiii, St. Johnsbury, Vt. Scroll. Downward discharge. So arranged 
that proportionally it gives good part gate results. Highest percentage, 56 per 
cent. 

Bastion, Canton, N. Y. Similar to the Curtis, but I think not manufactured 
now. Tested one with wicket gate in draft tube below the wheel, which proved 
the plan to be bad. With register gate, highest useful effect, 70 per cent. 

Bbb, Lancaster, Mass. Downward di^'charge. Babbitted in tl:e upper bear- 
ing, and became bound while being tested, so that 58 per cent., the highest 
result obtain d, was no indication of v/hat the wheel would have done if it had 
been in a proper condition. 

Bryant Bro's., Westchesterfield, Mass. Downward discharge. Gave 65 per 

cent. 

Brtson Turrett, Miles Greenwood, Cincinnati, Ohio. Down and central* 
75 per cent. Not manufactured now. 

Blakb, Fepperell, Mass. Scroll. Obsolete. 50 per cent. 

*Barbbr, Ballston Spa, K. Y. 70.29 per cent. 

♦Blackstonb, in Elmer, Leffel and American curbs. See special reports. 

BoDiNB JoNVAii, Mount Morrif", N. Y. If made at all. 76 per cent. 

*BoiiLiM6BR, York, Pa. Central discharge. 70 per cent. 

♦Cox, Ellsworth, N. Y. Double, downward discharge. 70 per cent. 

*Casb, National Water Wheel Co., Bristol, Conn. See special report. 

♦Chasb, Orange, Mass. See repot. 

CusHMAV, Hartford, Conn. Scroll. 50 per cent. Discharge up and down. 

*CoLBMAN, Turner's Falls. 

♦CuETis, Ogdensburg, N. Y. 



Cook, Liikc VUloge, N. H. Qu laid itienX kinda tVBlgd,bm builili upimi 
dllTcreul pinn now. Uigbc-t Q..fiil tiftol of Ib^.e Irivd, .7TW jier ^ml. 
Chifhah, Cbirk & Chupmsu, Tanieei FmIIi, Mus. BiKheBE efIlcieDcr,U pw 

•EcLIFfls, SlilHcU « BioioE Mniif 'g Cd., Daylon, Ohio. 

Gillespie, Turner't Falls, Mass, Tvro whe 



rizoaul shift, feu. 



HouuH, Adama, N.y. 47pBrcFiii. 




HUHMiHG BiHD, Willis ReiiL, Danburj, Conn. Two 


Ode 


wmtd diacliBtge. 63 per ccDt. 




•HOUBTOS. Bflolt, Wis. Has had m»dr »bc=l> t=sU 


. U« 






•UlBCLXES, llalyokc, Mmsa. Sec ipeciiil rcpon. 





*HOLTOKK UacQIHI C 

*HuliT. Orange, Mud. 
•Udmpbbit, Hiunphrey MacbLae Co., Kt 
SiHDipXBEBaEB, CiudoJiaLi, Oliio. .t^m I 
Kmohltob, Saccinp^B, Miiae, sa per ci 
Leatitt, Lebanon, N. H. Ja^ per cedC 



i, Mass. See BpeeUlrsport. 






'Ingfleld, Ohio. Have tested man; 



■M09BEB, AUeotowDg 
Miller Y, DTydec, M 
*Matioku,, Josi&h B 



ai dischugo. Cenlra] 
special raport, Tl.e 



1, N. J. .678 per 01 
report of the Case w 



io», Mt. Uullj, New Jersey. Bee special report. 

OLDS, Oswego. N.Y. ficroU. 50 prr oenl. 

«B, Milwankei. Wis. Flutter wheel placed o 

Bbibwdud, Independence, loivB, A FoaraejrDn, 63 



ddiscb 



», North Cheli 




Stetbmson, New York City. Two Jonval wheels placed together, one dl8« 
charging downward the oiher upwards, the upper discharge passiug into a dome 
' ** or yacnam,*' then downward in an annular tube, as shown in the Fulton k 
Myers* plan, which is illustrated in the group of perpetual motion invenCions. 

^Small, Urbana, Ohio. See report. 

Stetson, Fitchburg, Mass. Central and downward discharge, register gates, 
not manufactured now. .793 per cent. 

♦Stowb, Newark, New Jersey. 

Stapues, Boston, Mass. Central discharge, three diyisions, with a cylinder 
gate raised by a screw similar to that of the Hercules; the object of the three 
divisions of the wheel was to gain high part gate results, as it was supposed that 
either division would give as high results as the whole combined. Highest 
results obtained, 77 per cent. 

Tbttlunobb, Oswego, Oregon. Discharge down and up into a yacuum like 
Stevenson's. 70 per cent. 

Ttleb, daremont, K. £L Old scroll, useful effect ranged from 50 to 67 per 
cent. 

*Ttlbb. New scroll and flume wheels. See special reports. ' 

Telleb, Fort Plain, N. T. Wheel in diyisions like the SUples and for the 
same purpose. Useful effect, .645 per cent. 

. Tebbt, Terryville, Ct. Boyden or Foumeyron with two register gates, one 
Inside of chutes, the other outside. 68 per cent. Abandoned. 

►Tottlb, Wateryille, Maine. 68 per cent. 

TiCB, Cincinnati, Ohio. Re-inyention of the old Schiele wheel, illustrations of 
it may be found in Wiesbach's or almost any other work treating of turbines 
twenty years since. 

♦Thompson, Springfield, Mo., and Silver Creek, N. T. 

*Twitchbll, Pulaski, N. T. See under the head of Perpetual Motion. 

IJPHAX, Worcester, Mass. Central discharge, tried in scroll, also in flume 
«urb. 72 in scroll. 68 per cent, in flume curb. Abandoned. 

*Upham & Libbt. See special report. 

*ViCTOB, Stilwell & Bierce Manf g Co., Dayton, Ohio. 

Yandbwateb, Rochester, N. Y. Downward discbarge, cylinder gate. .778 
per cent. Wheel struck bad in curb while being tested. 

Watson Jonval, Paterson, N. J. Old, 49 per cent. 

*Walsh, Waupaca, Wis. 

f Whitnbt, Leominster, Mass. Old plan in flume and scroll curbs abandoned. 
Percentage of scroll, old wheel, 40 per cent. Flume, 72. For new plan, see 
special report. 

Waoneb, Chicago, HI. Foolishly complicated in discharge and limited 
capacity. Highest useful effect, .738 per cent. 

Whbelbb, Berlin, Mass. Central aud downward discharge; but did best 
every way with central discharge stopped with blocks. Discharged the same 
quantity of water after blocking central discharge. .745 per cent. Not manu- 
iactured now. 

^Wthkoop. See special report. 

*Wbtxobb, Clarcmont, N. H. See special report. 

*WoLP, Allentown, Pa. In taking one of the make apart, a few days siace* 
many small pieces were found that were used for blocking up euto suspension. 
Such pieces are very liable to get lost and might, with little trouble, be rendered 
uimpcessary^ by canting projecting pieces on the surfaces. " Patchviotk." \L 
objectionable in turbine building. Sv e special rvpoti tot ef&c^^iic^ % 
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Weir Tables. 



These tables were computed by the Francis* formula, from zero up. The 
experiments upon which that lormula was prepared were not extended below a 
depth of .500 of a fool, but it is otten necessary to use it at a much less depth; 
and experience proves it to be sufficiently accurate for all practical purposes. 

The tables for the one foot weir are calculated for weir without contraction ; 
consequently, by using those in connection with tho others, by addin*^ to or 8ub« 
tracting from, the quantity flowing oyer a weir of any length, may readily be 
found. 



Depth 




















on 
"Weir. 


2 Feet. 






LBNOTH OF 


THE WEIB. 






Feet. 


3 Feet. 


4 Feet. 


6 Feet. 


7 Feet. 
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10 Feet. 


12 Feet. 
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.013 


.019 


.025 
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.076 


.101 


.127 


.002 


.045 


.067 


.064 


.134 


.154 


.179 


.224 


.268 


.358 


.475 


.003 


.077 


.115 


.103 


.230 


.264 


.307 


.385 


.460 


.615 


.823 
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.109 


.163 


.142 


.326 


.374 


.435 


.M7 


.653 


.872 


1.171 


.005 


.141 


.212 


.281 


.424 


.494 


.565 


.709 


.847 


1.130 


1.410 


.006 


.194 


.289 


.384 


.542 


.674 


.775 


.966 


1.157 


1.543 


1.927 


.007 


.247 


.366 
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.661 


.854 
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1.223 


1.467 


1.956 


2.444 


.008 


.301 


.443 


.591 
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1.034 


1.188 
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1.777 
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2.967 
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.695 
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1.375 
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1.997 


2.397 


3.196 
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2.67 


3.19 
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.59 


.92 


1.19 


1.71 


2.34 


2.40 


3.01 


3.59 


4.74 


6.00 


.014 


.66 


1.01 


1.32 


1.95 


2.57 


2.67 


3.35 


3.99 


6.25 


6.67 


.015 


.73 


1.10 


1.46 


2.20 


2.84 


2.94 


3.69 


4.40 


6.87 


7.34 


.016 


.81 


1.21 


1.62 


2,43 


3.06 


3.25 


3.94 


4.87 


6.50 


8.13 


.017 


.89 


1.33 


1.78 


2.66 


3.28 


3.56 


4.45 


6.34 


7.13 


8.92 


.018 


.97 


1.45 


1.94 


2.90 


3.50 


3.87 
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6.81 


7.76 


9.97 


.019 


1.05 


1.57 


2.10 


3.14 


3.72 


4.19 


6.24 


6.28 


8.40 


10.50 


.020 


1.13 


1.69 


2.27 


3.38 


3.95 


4.51 


6.64 


6.76 


9.04 


11.30 


.021 


1.22 


1.82 


2.44 


3.65 


4.26 


4.87 


6.09 


7.29 


9.75 


12.19 


.022 


1.31 


1.95 


2.61 


3.92 


4.57 


6.23 


6.54 


7.83 


10.47 


13.09 


.023 


1.40 


2.08 
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6.59 
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8.37 


11.19 


13.99 


.024 


1.49 


2.22 
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4.46 


5.20 


6.95 


7.44 


8.91 


11.91 


14.89 


.025 


1.58 
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3.12 


4.73 


6.52 


6.31 


7.89 


9.45 


12.63 


15.79 


.026 


1.67 


2.51 


3.32 


6.02 


6.86 


6.70 


8.38 


10.05 


13.42 


16.78 


.027 


1.77 


2.66 


3.52 


5.32 


6.20 


7.10 


8.88 


10.65 


14.21 


17.77 


.028 


1.87 


2.81 


3.72 


6.62 


6.55 


7.50 


9.38 


11.25 


15.00 


18.76 


.029 


1.97 


2.96 


3.93 


6.92 


6.90 


7.90 


9.88 


11.85 


15.80 


19.75 


.030 


2.07 


3.11 


4.14 


6.22 


7.25 


8.30 


10.38 


12.46 


16.60 


20.75 


.031 


2.17 


3.27 


4.37 


6.52 


7.63 


8.74 


10.91 


13.10 


17.46 


21.83 


.032 


2.28 


3.43 


4.60 


6.82 


8.01 


9.18 


11.45 


13.74 


18.32 


22.91 


.033 


2.39 


3.59 


4.84 


7.13 


8.39 


9.62 


11.99 


14.39 


19.18 


23.99 


.034 


2.50 


3.75 


5.08 


7.43 


8.77 


10.07 


12.53 


15.04 


20.05 


25.17 


.035 


2.61 


3.91 


5.22 


7.84 


9.15 


10.62 


13.07 


15.69 


20.92 


26.15 
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LKNGTH OF THE WEIR. 








Feet 


8 Feet 


3 Feet 


4 Feet 


6 Feet 


7 Feet 


8 Feet 


10 Feet 


12 Feet 


16 Feet 


20 Feet 


.326 


71.95 


109.14 


146.33 


220.72 


257.90 


296.09 


369.47 


443.86 


692.61 


741.37 


.3271 72.27 


109.63 


147.00 


221.73 


269.08 


296.44 


371.11 


446.90 


695.33 


744.77 


.328 72.59 


110.13 


147.67 


222.74 


260.26 


297.79 


372.87 


447.94 


698.06 


748.18 


.329 72.92 


110.63 


148.34 


223.76 


261.44 


299.15 


374.57 


449.S8 


600.79 


761.69 


.330 


73.25 


111.13 


149.01 


224.76 


262.63 


3C0.51 


S76.27 


452.02 


603.52 


756.09 


.331 


73.57 


111.63 


149.68 


226.77 


263.82 


301.87 


377.97 


454.07 


606.26 


758.44 


.332 


73.89 


112.13 


150.35 


226.78 


265.01 


303.23 


378.C8 


456.12 


609.00 


761.88 


.333 


74.22 


112.63 


151.02 


227.80 


266.20 


304.60 


£80.39 


458.18 


611.76 


766.32 


.334 


74.55 


113.13 


151.69 


228.82 


267.39 


306.97 


£82.10 


460.28 


614.60 


7(8.76 


.335 


74.88 


113.63 


152.37 


229.84 


268.69 


307.34 


.-84.81 


462.30 


617.25 


772.21 


JSiiS 


75.20 


114.13 


153.04 


230.86 


269.78 


3(8.71 


£86.53 


464.36 


620.01 


776.66 


.337 


75.53 


114.63 


153.71 


231.88 


270.98 


310.08 


rt8.26 


466.42 


622.77 


779.12 


.338 


76.86 


115.13 


154.39 


232.91 


272.08 


311.45 


£89.97 


468.49 


626.62 


732.58 


.339 76.19 


115.63 


155.07 


233.94 


273.28 


312.82 


£91X9 


470.56 


628.31 


786.04 


.340 


76.52 


116.14 


155.75 


234.97 


274.58 


314.19 


393.42 


472.63 


631.08 


789.50 


.341 


76.85 


116.64 


156.43 


236.00 


275.78 


315.57 


S96.15 


474.71 


633.86 


792.99 


.342 


77.18 


117.14 


157.' 1 


237.03 


276.99 


316.95 


396.88 


476.79 


626.64 


796.48 


.343 


77.51 


117.65 


157.79 


238.06 


278.20 


318.33 


398.61 


478.88 


639.42 


799.97 


.344 


77.84 


118.16 


158.47 


239.09 


279.41 


319.72 


400.34 


480.97 


642.20 


803.46 


.345 


78.18 


118.67 


159.16 


240.13 


280.62 


321.11 


402.08 


483.06 


644.99 


8C6.96 


.346 


78.51 


119.18 


159.84 


241.17 


281.83 


322.,^0 


403.82 


485.15 


647.79 


810.46 


.347 


78.84 


119.69 


160.52 


242.21 


283.04 


323.89 


405.56 


487.26 


660.59 


813.96 


.348 


79.17 


120.2D 


161.20 


243.25 


284.26 


325.k8 


407.31 


489.35 


653.S9 


817.47 


.349 


79.50 


1-20.71 


161.90 


244.29 


285.48 


S26.C8 


409.06 


491.45 


666.19 


820.98 


.350 


79.84 


121.22 


162.69 


245.33 


286.70 


328.08 


410.81 


493.55 


659.00 


824.49 


.351 


80.17 


121.73 


163.28 


246.37 


287.92 


329.48 


412.57 


495.66 


661.83 


828.03 


.352 


80.50 


122.24 


163.97 


247.41 


289.14 


330.88 


414.33 


497.77 


664.66 


831.57 


.353 


80.83 


122.76 


164.66 


248.46 


290.36 


332.28 


416.09 


499.89 


667.49 


835.11 


.354 


81.17 


123.28 


165.35 


249.51 


291.59 


334.28 


417.85 


601.01 


(70.33 


838.66 


•855 


81.61 


123.79 


166.04 


250.56 


292.82 


385.08 


419.61 


504.13 


673.17 


842.21 


.356 


81.84 


124.30 


166.73 


251.61 


294.05 


336.49 


421.28 


506.25 


676.01 


846.77 


.357 


82.18 


124.81 


167.42 


252.66 


295.28 


337.90 


423.16 


508.£8 


678.86 


849.33 


.358 


82.52 


125.32 


168.12 


253.71 


296.51 


339.31 


424.92 


610.50 


681.71 


852.89 


.359 


82.86 


125.84 


168.82 


254.77 


297.75 


340.73 


426.69 


512.6:^ 


684.56 


856.46 


.360 


83.20 


126.36 


169.52 


255.83 


298.99 


342.15 


428.46 


614.77 


687.41 


860.03 


^1 


83.54 


126.88 


170.22 


266.89 


300.23 


343.57 


430.24 


616.91 


690.27 


863.61 


.362 


83.88 


127.40 


170.92 


257.95 


301.47 


344.99 


432.02 


519.05 


693.13 


867.19 


.363 


84.22 


127.92 


171.62 


259.01 


302.71 


346.11 


433.80 


621.19 


695.99 


870.78 


.364 


84.56 


128.44 


172.32 


260.07 


303.95 


347.83 


485.58 


523.34 


698.85 


874.27 


.365 


84.90 


128.96 


173.02 


261.14 


305.20 


349.25 


437.£8 


525.49 


701.72 


877.96 


.366 


85.24 


129.48 


173.72 


262.20 


306.45 


360.68 


439.17 


627.64 


704.60 


881.57 


.367 


85.58 


130.00 


174.42 


263.27 


307.70 


352.11 


440 96 


529.80 


707.48 


885.18 


.368 


85.92 


130.62 


175.13 


264.34 


308.95 


353.64 


442.76 


531.96 


710.37 


888.80 


.369 


86.26 


131.05 


176.84 


265.41 


310.20 


354.97 


444.55 


634.12 


713.26 


892.42 


.370 


86.60 


131.58 


176.54 


266.48 


311.45 


356.41 


446.35 


536.28 


716.15 


896.04 


.371 


86.94 


132.10 


177.26 


267.65 


312.71 


357.85 


448.15 


528.45 


719.05 


899.67 


.372 


87.28 


132.62 


177.96 


268.62 


313.97 


359.29 


449.96 


640.62 


721.96 


903.30 


.373 


87.62 


133.14 


178.67 


269.69 


315.23 


360.73 


461.76 


542.80 


724.86 


906.93 


.374 


87.97 


133.67 


179.38 


270.77 


316.49 


362.17 


463.57 


644.98 


727.77 


910.56 


^5 


88.32 


134.20 


180.09 


271.85 


317.76 


363.62 


456.38 


547.16 


730.€8 


914.20 


.376 


88.66 


134.73 


180.80 


272.93 


319.02 


365.06 


457.19 


549.34 


733.60 


917.86 


.377 


89.00 


135.26 


181.51 


274.01 


320.28 


366.51 


469.01 


661.52 


736.52 


921.52 


.378 


89.34 


135.79 


182.22 


275.09 


321.64 


367.96 


460.83 


663.70 


739.44 


925.18 


.379 


89.69 


136.32! 182.93 


276.17 


322.80 


369.41 


462.65 


665.89 


742.36 


928.84 


.380 


90.04 


136.89 


> 188.66 


277.26 


324.06 


370.86 


464.47 


658.08 


746.29 


932.50 


.381 


90.39 


137.38 


1 184.36 


278.34 


326.33 


372.32 


466.27 


660.28 


748.23 


936.18 


.382 


90.74 


137.91 


. 185.08 


279.43 


326.60 


373.78 


468.10 


662.48 


751.17 


939.86 


.383 


91.09 


138.44 


[ 185.80 


» 280.52 


327.87 


375.24 


469.93 


664.68 


764.11 


943.54 
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LBKGTH OF THE WEIR. 



Tect. 



2.23 

2.60 

2.97 

3.54 

3.71 

4.08 

4.45 

.4.82 

5.20 

5.57 

5.94 

6.31 

6.68 

7.06 

7.43 

7.801 

8.18 

8.56 

8.94 

9.31 

9.68 

O.06 

0.44 

0.82 

1.19 

1.57 

1.95 

2.33 

2.71 

3.08 

3.47 

3.85 

4.23 

4.60 

4.98 

5.36 

5.74 

6.12 

6.51 

6.89 

7.27 

7.65 

8.05 

8.42 

8.80 

9.18 

9.56 

9.95 

0.34 

0.72 

1.10 

1.49 

1.88 

2.27 

2.66 

3.05 

3.44 

3.83 



3 Feet. 



4 Feet 



170.94 
171.51 
172.08 
172.65 
173.22 
173.79 
174.36 
175.13 
175.51 
176.08 
176.65 
177.22 
177.80 
178.38 
178.95 
179.53 
180.11 
180.69 
181.27 
181.85 
182.43 
183.01 
183.59 
184.17 
184.75 
185.33 
185.91 
186.49 
187.08 
187.66 
188.24 
188.83 
189.42 
190.01 
190.59 
191.18 
191.77 
192.36 
192.95 
193.54 
194.13 
194.72 
195.13 
195.90 
196.49 
197.08 
197.68 
198.28 
198.88 
199.47 
200.06 
200.66 
201 .'26 
201.86 
202.46 
203.06 
203.66 
204.26 



229.66 

230.43 

231.20 

231.97 

232.74 

233.51 

234.28 

235.05 

235.83 

236.61 

237.38 

238.16 

238.94 

239.71 

240.50 

241.30 

242.10 

242.90 

243.60 

244.38 

245.16 

245.94 

246.72 

247.50 

248.29 

249.08 

249.87 

250.66 

251.46 

252.25 

253.04 

253.83 

254.62 

255.42 

256.21 

257.00 

257.80 

258.60 

259.40 

260.19 

260.99 

261.79 

262.59 

263.39 

264.19 

264.99 

265.79 

266.59 

267.41 

268.21 

269.01 

269.82 

270.63 

271.44 

272.25 

273.06 

273.87 

274.68 



6 Feet. 



7 Feet. 



a47.08 

348.25 

349.42 

350.59 

351.76 

352.93 

354.10 

355.28 

356.46 

357.63 

358.81 

a59.99 

361.17 

362.35 

363.53 

364.71 

365.90 

367.09 

368.28 

369.47 

870.66 

371.85 

373.04 

374.23 

375.42 

376.62 

377.82 

379.02 

380.22 

381.42 

382.62 

383.83 

385.04 

386.24 

387.45 

388.66 

389.87 

391.08 

392.29 

393.50 

394.71 

395.93 

397.15 

398.37 

399.59 

400.81 

402.03 

403.25 

404.47 

405.69 

406.92 i 

408.15! 

409.381 

410.61 

411.a4l 

413.07: 

414.30 

415.54 



405.80 
407.17 
408.54 
409.91 
411.28 
412.65 
414.02 
415.89 
416.77 
418.15 
419.53 
420.91 
422.29 
423.67 
425.06 
426.46 
427.86 
429.26 
430.61 
432.00 
433.40 
434.80 
436.20 
437.60 
439.06 
440.40 
441.80 
442.20 
444.60 
446.00 
447.41 
448.81 
449.62 
451.64 
453.05 
454.47 
455.89 
457.31 
458.73 
460.15 
461.58 
463.01 
464.44 
465.87 
467.29 
469.71 
471.14 
472.57 
473.00 
474.44 
475.88 
477.32 
478.76 
480.20 
481.64 
483.08 
484.52 
485.97 



8 Feet. 10 Feet. 



464.52 

466.08 

467.64 

469.21 

470.78 

472.35 

473.92 

475.49 

477.07 

478.75 

480.33 

481.91 

483.50 

484.99 

486.58 

488.17 

489.76 

491.35 

492.94 

494.54 

496.14 

497.74 

499.34 

500.94 

502.54 

504.14 

505.75 

507.36 

508.97 

610.57 

512.21 

513.85 

514.49 

517.17 

518.83 

520.49 

622.16 

523.83 

525.18 

526.81 

528.44 

530.07 

531.70 

633.33 

534.97 

636.61 

538.25 

539.89 

541.53 

543.17 

544.81 

546.45 

548.10 

619.75 

551.41 

553.07 

554.73 

556.39 



681.93 

683.89 

685.86 

587.83 

689.80 

691.77 

593.74 

596.72 

697.70 

699.68 

601.67 

603.66 

605.65 

607.64 

609.63 

611.62 

613.61 

615.61 

617.61 

619.61 

621.61 

623.62 

625.63 

627.64 

629.66 

631.68 

633.70 

635.72 

637.75 

639.77 

641.79 

643.82 

645.85 

647.88 

649.91 

661.94 

653.98 

656.02 

658.06 

660.10 

662.15 

664.20 

666.25 

668.30 

670.36 

672.42 

674.48 

676.54 

678.60 

680.66 

682.73 

684.80 

686.87 

688.94 

691.02 

693.10 

695.18 



12 Feet. 



697.26 



699.36 

701.68 

704.04 

706.45 

708.83 

711.21 

713.59 

715.97 

718.35 

720.73 

723.11 

725.49 

727.88 

730.27 

732.67 

735.07 

737.47 

739.88 

742.29 

744.70 

747.10 

749.51 

751.92 

754.35 

756.77 

759.29 

761.72 

764.15 

766.49 

7C8.93 

771.37 

773.81 

776.25 

778.71 

781.16 

783.61 

786.06 

788.51 

790.96 

793.43 

795.90 

798.37 

800.84 

803.31 

805.78 

808.26 

810.74 

813.22 

816.70 

818.18 

820.66 

823.14 

825.62 

828.10 

830.60 

833.10 

835.60 

838.11^ 



16 Feet 



934.21 
937.37 
940.53 
943.70 
946.87 
960.04 
953.22 
956.40 
969.68 
962.77 
966.96 
969.16 
972.36 
975.66 
978.77 
981.98 
985.19 
988.40 
991.62 
994.85 
998.08 
1001.31 
1004.54 
1007.77 
1011.01 
1014.26 
1017.60 
1020.76 
1024.00 
1027.26 
1030.52 
1033.78 
1037.04 
1040.30 
1043.68 
1046.86 
1050.16 
1053.44 
1066.73 
1060.02 
1063.31 
1066.60 
1069.90 
1073.20 
1076.61 
1079.82 
1083.13 
1086.46 
1089.70 
1093.04 
1096.39 
1099.74 
1103.09 
1106.44 
1109.92 
1113.40 
1116.88 
112fl.36\ 



20 Feet 



1169.06 

1173.02 

1176.98 

1180.94 

1184.92 

1188.90 

1192.88 

1196.86 

1200.84 

1204.84 

1208.84 

1212.84 

1216.84 

1220.86 

1224.87 

1228.90 

1232.93 

1236.96 

1240.99 

1245.03 

1249.07 

1253.11 

1257.16 

1261.19 

1266.25 

1269.31 

1273.38 

1277.45 

1281.52 

1286.61 

1289.70 

1293.79 

1297.88 

1301.96 

1306.06 

1310.17 

1314.28 

1318.39 

1322.50 

1326.63 

1330.76 

1334.89 

1339.03 

1343.17 

1347.32 

1361.47 

1366.62 

1369.77 

1363.92 

1368.09 

1372.26 

1376.43 

1380.60 

1384.78 

1388.97 

1393.16 

1397.36 

14ftV.5A 
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Depth 

oa 
Weir. 



Feet. 



.655 

.556 

.657 

.558 

.559 

.560 

.561 

.562 

.563 

.564 

.565 

.566 

.567 

.568 

.569 

.570 

.671 

.572 

.573 

.574 

.575 

.576 

.577 

.578 

.579 

.580 

.581 

.582 

.583 

.584 

.585 

.586 

.587 

.588 

.589 

.590 

.591 

.592 

.593 

.594 

.595 

.596 

.597 

.598 

.599 

.600 

.601 

.602 

.603 

.604 

.605 

.606 

.607 

.608 

.609 

.610 

.611 

.612 



LBNOTH OF THE TfEIB. 



2 Feet. 



156.05 

156.46 

156.87 

157.28 

157.69 

158.08 

158.49 

158.00 

158.41 

158.82 

160.12 

160.53 

160.94 

161.35 

161.76 

162.16 

162.57 

162.98 

163.39 

163.80 

164.21 

164.42 

164.83 

165.24 

165.65 

166.27 

166.69 

167.11 

167.53 

167.95 

168.34 

168.76 

109.18 

169.60 

070.02 

170.41 

170.83 

171.25 

171.66 

172.08 

172.49 

172.91 

173.33 

173.75 

174.17 

174.57 

174.99 

175.41 

175.83 

176.26 

176.67 

177.09 

177.51 

177.94 

178.37 

178.77 

179.19 

179.61 



3 Feet. 



238.66 

239.29 

239.92 

240.55 

241.18 

241.81 

242.44 

243.07 

243.70 

244.33 

244.97 

245.61 

246.25 

246.89 

247.54 

248.19 

248.82 

249.45 

250.08 

250.71 

251.33 

251.93 

252.53 

253.13 

253.73 

254.53 

255.17 

255.81 

256.45 

257.09 

257.74 

258.38 

259.02 

259.66 

260.31 

260.96 

261.60 

262.24 

262.89 

263.54 

264.19 

264.83' 

265.48 

266.13 

266.78 

267.43 

268.08 

268.73 

269.38 

270.03! 

270.69 

271.34 

271.99 

272.64! 

273.30 ; 

273.96' 

274.61 ; 

275.26, 



4 Feet 



321.27 

322.12 

322.97 

323.82 

324.68 

325.54 

326.39 

327.24 

328.10 

328.96 

329.82 

330.68 

331.54 

332.40 

333.26 

334.13 

334.99 

335.85 

336.71 

337.68 

338.45 

339.31 

340.17 

341.04 

341.91 

342.78 

343.65 

344.52 

345.39 

346.26 

347.13 

348.00 

348.87 

349.74 

3.50.62 

351.50 

352.37 

353.25 

354.13 

355.01 

355.89 

356.77 

357.65 

358.53 

359.41 

360.29 

361.17 

362.05 

362.93 

363.82 

364.71 

365.59 

366.48 

367.37 

368.26 

369.15 

370.04 

370.93 



6 Feet. 



486.49 

487.79 

489.09 

490.39 

491.69 

493.00 

494.30 

495.60 

496.91 

498.22 

499.53 

500.84 

502.15 

503.46 

504.77 

506.09 

507.40 

508.72 

510.04 

511.36 

612.68 

514.00 

515.32 

616.64 

517.96 

519.29 

520.61 

521.94 

523.27 

524.60 

525.93 

527.26 

528.59 

529.92 

531.26 

532.60 

533.93 

535.27 

536.61 

537.95 

539.29 

540.63 

541.97 

543.31 

544.66 

546.01 

547.36 

548.71 

550.06 

551.41 

552.76 

554.11 

555.46 

556.81 

558.17 

559.53 

560.88 

562.24 



7 Feet. 



569.10 

670.62 

572.14 

573.67 

575.20 

576.73 

578.26 

579.79 

581.32 

582.85 

584.38 

585.91 

587.45 

588.99 

590.53 

692.07 

593.61 

595.15 

596.69 

598.24 

599.79 

601.34 

602.89 

604.44 

605.99 

607.54 

609.09 

610.65 

612.21 

613.77 

615.33 

616.89 

618.45 

C20.01 

621.87 

623.14 

624.71 

626.28 

627.85 

629.42 

630.99 

632.56 

634.10 

635.68 

637.26 

638.87 

640.45 

642.03 

643.61 

645.19 

646.78 

648.36 

649.95 

651.54 

653.13 

654.72 

656.31 

658.03 



8 Feet. 



661.71 

663.46 

655.25 

657.00 

658.75 

660.46 

662.21 

663.96 

665.72 

667.48 

669.24 

671.00 

672.76 

674.52 

676.28 

678.05 

679.82 

681.59 

683.36 

685.13 

686.91 

688.68 

690.46 

692.24 

694.02 

695.80 

697.58 

699..36 

701.15 

702.94 

704.73 

706.52 

708.31 

710.10 

711.89 

713.69' 

715.49 

717.29 

719.09 

720.89 

722.69 

724.49 

726.30 

728.11 

729.92 

731.73 

733.54 

735.36 

737.16 

738.98 

740.80 

742.62 

744.44 

746.26 

748.08 

749.91 

751.73 

753.56 



10 Feet 



816.93 

819.12 

821.32 

823.52 

825.72 

827.92 

830.12 

832.32 

834.62 

836.73 

838.94 

841.15 

843.36 

845.58 

847.80 

850.02 

852.24 

854.46 

856.68 

858.91 

861.14 

863.37 

865.60 

867.83 

870.07 

872.31 

874.55 

876.79 

879.03 

881.27 

883.52 

885.77 

888.02 

890.27 

892.52 

894.78 

897.04 

899.30 

901.56 

903.82 

906.09 

908.36 

910.63 

912.90 

915.17 

917.44 

919.72 

922.00 

924.28 

926.56 

928.&4 

931.12 

933.41 

935.70 

937.99 

940.28 

942.57 

944.87 



12 Feet 



982.16 
984.80 
987.48 
990.12 
992.76 
995.37 
998.02 
1000.67 
1003.33 
1005.99 
1008.65 
1011.31 
1013.97 
1016.64 
1019.21 
1021.98 
1024.65 
1027.33 
1030.01 
1032.69 
1035.37 
1038.06 
1040.75 
1043.44 
1046.13 
1048.82 
1051.52 
1054.22 
1056.92 
1059.62 
1062.32 
1064.03 
1066.74 
1069.45 
1072.16 
1075.88 
1078.60 
1081.32 
1084.04 
1086.76 
1089.49 
1092.22 
1094.95 
1097.68 
1100.42 
1103.16 
1105.80 
1108.54 
1111.28 
1114.03 
1116.88 
1119.63 
1122.38 
1125.14 
1127.90 
1130.66 
1133.42 
1136.19 



16 Feet. 



1312.60 

1316.13 

1319.67 

1323.21 

1326.74 

1330.29 

1333.84 

1337.39 

1340.94 

1344.50 

1348.06 

1351.63 

1355.20 

1358.77 

1362.27 

1365.91 

1369.49 

1373.07 

1376.66 

1380.25 

1383.84 

1387.44 

1391.04 

1394.64 

1398.24 

1401.84 

1405.45 

1409.06 

1412.67 

1416.28 

1419.91 

1423.M 

1427.17 

1430.80 

1434.43 

1438.07 

1441.71 

1445.35 

1448.99 

1452.63 

1456.29 

1459.95 

1463.61 

1467.27 

1470.93 

1474.00 

1478.27 i 

1481.94 

1485.61 

1489.29 

1492.97 

1496.66 

1500.35 

1504.04 

1507.73 

1511.42 

1515.12 

1518.82 



20 Feet. 



1643.04 

1647.47 

1661.90 

1666.33 

1660.77 

1665.21 

1669.66 

1674.11 

1678.56 

1683.02 

1687.48 

1691.95 

1696.42 

1700.89 

1705.36 

1709.84 

1714.33 

1718.82 

1723.31 

1727.80 

1732.30 

1736.81 

1741.32 

1745.83 

1750.34 

1754.86 

1759.39 

1764.92 

1769.45 

1773.98 

1777.51 

1782.05 

1786.60 

1791.15 

1795.70 

1800.25 

1804.81 

1809.38 

1814.96 

1819.52 

1823.09 

1827.67 

1832.26 

1836.85 

1841.44 

1846.03 

1850.63 

1855.23 

1859.84 

1864.45 

1869.06 

1873.68 

1878.30 

1882.92 

1887.55 

1892.18 

1896.82 

1901.46 
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Depth 




on 


LBITGTH OF THE TfEIB. 


Weir. 


k 


Feet 


3 Feet. 


4 Feet. 


6 Feet. 


7 Feet. 


8 Feet 


lb Feet 


12 Feet 


16 Feet 


20 Feet 


.671 


314.72 


424.53 


644.18 


754.00 


863.82 


1083.46 


1303.10 


1742.37 


2181.66 


.672 


315.40 


425i46 


645.60 


755.66 


865.73 


1085.86 


1306.99 


1746.26 


2186.52 


.673 


316.08 


426.39 


647.02 


757.32 


867.64 


1088.26 


1308.88 


1750.13 


2191.38 


.674 


316.76 


427.32 


648.44 


758.99 


869.55 


1090.66 


1311.78 


1754.01 


2196.24 


.675 


317.45 


428.25 


649.86 


760.66 


871.47 


1093.07 


1314.68 


1757.89 


2201.10 


.676 


318.13 


429.28 


651.28 


762.33 


873.38 


1095.48 


1317.58 


1761.78 


2205.97 


.677 


318.81 


430.21 


652.70 


764.00 


875.30 


1097.89 


1320.48 


1765.67 


2210:85 


.678 


319.50 


431.14 


654.12 


765.67 


877.22 


1100.30 


1323.38 


1769.56 


2215.73 


.679 


320.19 


432.07 


655.55 


767.34 


879.14 


1102.71 


1326.29 


1773.45 


2220:61 


.680 


320.87 


432.91 


656.98 


769.02 


881.06 


1105.13 


1329.20 


1777.34 


2225:49 


.681 


321.55 


433.ai 


658.41 


770.69 


882.98 


1107.54 


1332.11 


1781.24 


2230.38- 


.682 


322.23 


434.77 


659.84 


772.36 


884.90 


11C9.96 


1335.02 


1785.14 


2236.27 


.683 


322.92 


435.70 


661.23 


774.04 


886.82 


1112.18 


1337.93 


1789.05 


2240.17 


.684 


323.61 


436.64 


662.66 


776.72 


888.75 


1114.80 


1340.85 


1792.96 


2245.07 


.685 


324.30 


437.58 


6&1.13 


777.40 


890.68 


1117.22 


1343.77 


1796.87 


2249.97 


.686 


324.99 


438.51 


665.56 


779.08 


892.61 


1119.64 


1346.19 


1800.78 


2954.88 


.687 


325.68 


439.44 


666.99 


780.76 


894.54 


1132.07 


1349.61 


1804.70 


2959.79- 


.688 


326.37 


440.38 


668.42 


782.44 


896.47 


1134.50 


1352.54 


18f8.62 


2964.70 


.689 


327.06 


441.32 


669.86 


784.12 


898.40 


1136.93 


1355.47 


1812.52 


2969.61 


.690 


327.75 


442.26 


671.30 


785.81 


900.33 


1129.36 


1358.40 


1816.46 


2274.53 


.691 


328.44 


443.20 


672.73 


787.50 


902.26 


1131.79 


1361.33 


1820.39 


2979.45 


.692 


329.13 


444.14 


674.17 


789.19 


904.20 


1134.23 


1364.26 


1824.32 


2984.37 


.693 


329.82 


445.08 


675.61 


790.88 


906.14 


1136.67 


1367.19 


1828.26 


2989.30 


.694 


330.51 


446.02 


677.05 


792.57 


9(8.18 


1139.11 


1370.13 


1832.19 


2994.23 


.695 


331.20 


440.96 


678.49 


794.26 


910.02 


1141.55 


1373.07 


1836.13 


2299.18 


.696 


331.89 


447.90 


679.93 


795.96 


911.96 


1143.99 


1376.01 


1840.07 


2304.13 


.697 


332.58 


448.86 


681.37 


797.64 


913.90 


1146.43 


1378.96 


1844.01 


2309.08 


.698 


333.27 


449.83 


682.81 


799.33 


915.84 


1148.87 


1281.90 


1847.96 


2314.03 


.699 


333.96 


450.80 


684.26 


801.02 


917.79 


1151.32 


1384.85 


1851.91 


2318.98- 


.700 


334.66 


451.69 


685.71 


802.72 


919.74 


1153.77 


1387.80 


1855.86 


2323.92 


.701 


335.35 


452.63 


687.15 


8W.42 


921.69 


1156.22 


1390.75 


1859.82 


2328.8& 


.702 


336.04 


453.57 


688.60 


806.12 


923.64 


1158.67 


1393.70 


1863.78 


2333.84 


.703 


336,74 


454.51 


690.05 


807.82 


925.59 


1161.12 


1396.66 


1867.74 


2338.81 


.704 


337.44 


455.46 


691.50 


809.52 


927.54 


1163.58 


1399.56 


1871.70 


2343.78- 


.705 


338.14 


456.41 


692.95 


811.22 


929.49 


1166.04 


1402.C8 


1875.66 


2348.75 


.706 


338.83 


457.35 


694.40 


812.92 


931.44 


1168.60 


1405.54 


1879.73 


2353.73 


.707 


339.52 


458.30 


695.85 


814.62 


933.40 


1170.96 


14C8.50 


1883.70 


2358.71 


.708 


340.22 


459.05 


697.30 


816..33 


935.36 


1173.42 


1411.47 


1887.67 


2363.69 


.709 


340.92 


460.00 


698.76 


818.04 


937.32 


1175.88 


1414.44 


1891.65 


2368.67 


.710 


341.62 


461.15 


700.22 


819.75 


939.28 


1178.34 


1417.41 


1895.53 


2373.66. 


.711 


342.32 


462.10 


701.67 


821.46 


941.24 


1180.79 


1420.38 


1899.61 


2378.66- 


.712 


343.02 


463.05 


703.12 


823.17 


943.20 


1183.24 


1423.35 


1903.60 


2383.66 


.713 


343.72 


464.00 


704.58 


824.88 


946.16 


1185.C9 


1426.32 


1907.49 


2388.66- 


.714 


814.42 


464.95 


706.04 


826.59 


947.13 


1188.14 


1429.30 


1911.48 


2393.66 


.715 


346.12 


465.91 


707.50 


828.30 


949.10 


1190.69 


1432.28 


1915.47 


2398.66 


,716 


345.82 


466.86 


708.96 


830.01 


951.07 


1193.16 


1435.26 


1919.47 


2403.6T 


.717 


346.52 


467.81 


710.42 


831.72 


953.04 


1195.64 


1438.24 


1923.47 


2408.66 


.718 


347.22 


468.77 


711.88 


&33.44 


955.01 


1198.12 


1441.23 


1927.47 


2413.70 


.719 


347.92 


469.73 


713.35 


835.16 


956.98 


1200.60 


1444.22 


1931.47 


2418.72 


.720 


348.62 


470.69 


714.82 


836.88 


958.95 


1203.08 


1447.21 


1935.48 


2423.74 


.721 


349.32 


471.64 


716.30 


838.60 


960.92 


1205.66 


1450.20 


1939.49 


2428.77 


.722 


350.02 


472.59 


717.76 


840.32 


962.89 


1208.04 


1453.19 


1943.50 


2433.80 


.723 


350.72 


473.55 


719.23 


842.04 


964.87 


1210.53 


1456.19 


1947.51 


2438.83 


.724 


351.42 


474.51 


720.70 


843.76 


966.85 


1213.02 


1459.19 


1951.53 


2443.8T 


.7-25 


352.13 


475.47 


722.15 


845.49 


968.83 


1215.51 


1462.19 


1955.56 


2448.91 


.726 


352.83 


476.43 


723.62 


847.21 


970.81 


1218.00 


1465.19 


19.':9.57 


2453.96 


.727 


353.53 


477.39 


725.09 


8-18.94 


972.79 


1220.49 


1468.19 


1963.60 


2459.01 


.728 


364.24 


478.35 


726.56 


850.66 


974.77 


1222.98 


1471.20 


1967.63 


2464.06 
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Depth 
on 
Weir. 



liBNOTH OF THE WBIB. 



Feet. 


3 Feet. 


.787 


396.51 


.788 


397.24 


,789 


397.97 


.790 


398.71 


.791 


399.44 


.792 


400.17 


.793 


400.90 


,.794 


401.63 


.795 


402.36 


.796 


403.09 


.797 


403.82 


.798 


404.55 


.799 


405.28 


.800 


406.02 


.801 


406.75 


.802 


407.48 


.803 


408.22 


.804 


408.96 


.805 


409.69 


.806 


410.42 


.807 


411.15 


.808 


411.89 


.809 


412.63 


.810 


413.37 


.811 


414.10 


.812 


414.83 


.813 


415.57 


.814 


416.31 


.815 


417.05 


.816 


417.79 


,817 


418.53 


.818 


419.27 


.819 


420.01 


.820 


420.75 


.821 


421.59 


.822 


122.33 


.823 


123.07 


.824 


123.81 


.825 


421.45 


.826 


425.19 


.827 


425.93 


.828 


426.68 


.829 


427.43 


.830 


428.17 


.831 


428.91 


.832 


429.65 


.833 


430.40 


.834 


431.15 


.835 


431.89 


.836 


432.63 


.837 


433.37 


.838 


434.12 


.839 


434.87 


.810 


435.62 


.811 


436.36 


.812 


437.10 


.813 


437.85 


.844 


438.60 



4 Feet. 



536.02 
537.01 
538.01 
539.01 
510.00 
540.99 
541.00 
542.00 
543.99 
544.99 
545.99 
546.99 
547.99 
548.99 
549.99 
550.99 
551.99 
552.99 
554.00 
554.00 
555.00 
556.00 
557.01 
559.02 
559.02 
560.03 
561.04 
561.05 
564.06 
565.07 
566.08 
567.09 
568.10 
569.11 
570.12 
571.13 
572.14 
573.15 
574.17 
575.18 
576.19 
577.21 
.578.24 
579.25 
580.26 
581.28 
582.30 
583.32 
584.34 
585.36 
583.38 
587.40 
588.42 
589.44 
590.46 
591.48 
592.50 
593.53 



6 Feet. 



815.00 
816.53 
818.06 
819.59 
821.12 
822.65 
824.18 
825.71 
827.24 
828.77 
829.30 
830.84 
832.38 
834.92 
836.45 
837.99 
839.53 
811.07 
842.61 
814.15 
845.69 
847.23 
818.78 
850.:i3 
851.87 
853.42 
854.97 
856.52 
858.07 
859.62 
861.17 
862.72 
864.27 
865.83 
867.38 
868.93 
870.49 
872.05 
873.61 
875.17 
876.73 
878.29 
879.85 
881.41 
882.97 
881.5:3 
886.10 
887.67 
889.24 
890.80 
892.37 
893.94 
895.51 
897.08 
898.65 
900.22 
901.79 
903.37 



7 Feet. 



954.51 

956.30 

958.09 

959.88 

961.67 

963.47 

965.27 

967.07 

968.87 

970.67 

972.47 

974.27 

976.07 

977.88 

979.68 

981.49 

983.30 

985.11 

986.92 

988.73 

990.34 

992.;35 

994.16 

995.98 

997.79 

999.61 

1001.43 

1003.25 

1005.07 

1006.89 

1008.71 

1010.53 

1012.46 

1014.19 

1016.01 

1017.84 

1019.67 

1021.50 

1023.33 

1025.16 

1026.99 

1028.82 

1030.65 

1032.49 

io;m.33 

1036.17 
1038.01 
1039.85 
1041.69 
1043.53 
1045.37 
1047.21 
1049.05 
1050.90 
1052.74 
1054.59 
10.56.44 
1058.29 



8 Feet. 



1094.00 
1096.06 
1098.12 
1100.18 
1102.24 
11W.30 
1106.36 
1108.43 
1110.50 
1112.57 
1114.64 
1116.71 
1118.78 
1120.85 
1122.92 
1124.99 
1127.07 
1129.15 
1131.23 
113;i.31 
1135.39 
1137.47 
1139.55 
1141.64 
1143.72 
1145.87 
1147.96 
1150.05 
1152.08 
1154.17 
1156.26 
1158.35 
1160.45 
1162.55 
1164.65 
1166.75 
1168.85 
1170.95 
1173.05 
1175.15 
1177.25 
1179.36 
1181.47 
118.3.58 
1185.69 
1187.70 
1189.81 
1191.92 
1194.13 
1196.24 
1198.35 
1200.47 
1202.59 
1204.72 
1206.84 
1208.96 
1211.08 
1213.21 



10 Feet. 



1372.99 
1375.58 
1378.17 
1380.76 
1383.35 
1385.95 
1388.55 
1391.15 
1393.75 
1396.35 
1398.95 
1401.56 
1404.17 
1406.78 
1409.39 
1412.00 
1414.61 
1417.22 
1419.84 
1422.46 
1425.08 
1427.70 
1430.32 
1432.95 
1435.57 
1438.20 
1440.83 
1443.86 
1446.09 
144gr.72 
1451.35 
145;J.99 
1456.63 
1459.27 
1462.91 
1465.55 
1468.19 
1470.83 
1472.48 
1475.13 
1477.78 
1480.43 
1483.08 
1485.74 
1488.39 
1401.05 
1493.71 
1496.37 
1499.03 
1501.69 
1504.35 
1507.02 
1509.69 
1512.36 
1515.03 
1517.70 
1520.37 
1523.05 



12 Feet 



1651.98 
1665.10 
1658.22 
1661.35 
1664.48 
1667.61 
1670.74 
1673.87 
1677.00 
1680.14 
1683.28 
1686.42 
1689.56 
1692.71 
1695.86 
1699.01 
1702.16 
1705.31 
1708.46 
1711.61 
1714.77 
1717.93 
1721.09 
1724.25 
1727.42 
1730.59 
1733.76 
1736.93 
1740.10 
1743.27 
1746.45 
1749.63 
1750.81 
1755.99 
1759.17 
1760.35 
1763.54 
1766.73 
1771.02 
1775.11 
1778.30 
1781.50 
1784.70 
1787.90 
1791.10 
1794.30 
1797.51 
1800.72 
1803.93 
1807.14 
1810.35 
1813.56 
1816.78 
1820.00 
1823.22 
1826.44 
1829.66 
1832.89 



16 Feet. 20 Feel. 



\ 



2209.95 
2214.14 
2218.33 
2222.52 
2226.71 
2230.91 
2235.11 
2239.31 
2243.51 
2247.72 
2251.93 
2256.14 
2260.35 
2264.57 
2268.79 
2273.01 
2277.23 
2281.46 
2285.69 
2289.92 
2294.15 
2298.39 
2302.63 
2306.87 
2311.12 
2315.37 
2319.62 
2323.87 
2328.12 
2332.38 
2336.64 
2340.90 
2345.16 
2349.43 
235,3.70 
2357.97 
2362.24 
2366.52 
2370.80 
2375.08 
2379.36 
2381.65 
2383.94 
2392.23 
2396.53 
2400.83 
2405.13 
2409.43 
2413.73 
2418.04 
2422.35 
2426.66 
2430.97 
2435.29 
2439.61 
2443.93 
2448.25 
2452.58 



2767.94 
2773.19 

2778.44 
2783.69 
2788.95 
2794.21 
2799.48 
2804.75 
2810.02 
2815.30 
2820.58 
2825.86 
2831.14 
2836.43 
2841.72 
2847.02 
2852.32 
2857.62 
2862.92 
2868.23 
2873.54 
2878.85 
2884.17 
2889.49 
2894.82 
2900.16 
2905.48 
2910.81 
2916.14 
2921.48 
2926.82 
2932.17 
2937.52 
2942.87 
2948.23 
2953.59 
2958.95 
2964.31 
2969.67 
2975.04 
2080.42 
2985.80 
2991.18 
2996.56 
3001.96 
3007.34 
3012.73 
3018.13 
3023.53 
3028.93 
3034.34 
3039.75 
3045.16 
3050.57 
3055.99 
3061.41 
3066.83 
3072.2S 



Dfib 


^ 


LEirOTH OP TttB WBIB, 


Tm. 


OFM. 


.m,. |.f«t| 7F«.. 1 8F«t ! .0F«.] -,r«t|«1F«L [WF«. 


■MS 


^3j,_3j 


n„|,..,."'.,,|.,/i I,'", 1- ,1 I-, .-.' |,,,,|.'..|-.;ni amM 


Mft 


4U.I1 




M7 


i40J8 




«M 






Ma 


M2.38 




.BM 


«3.ll 


m:''- -I-'-! '.■-.'■■■' -Mdi'.^ 


.801 


M.M 
















«£'.3a 






Mi 


♦«.u 


WiM 




Ml, 








.BU 








.m 


Ms'ST 




MS 


449.12 




MU 


44a.BT 




.m 








tsiiss 




.H3 


4M.18 




.M3 


463.80 






.RH 


4B3.65 








MS 


4SI.41 


eii).i5 








Me 




aifl.ia 


SM.2I 








.B6T 










l^liU.-lU 






4m:«; 












ism 


4AI,4:l 


Bis.an 




IIIU.B.^ 








WdH.nil 


.870 






9m!36 




i'jii*!9a 


Km: 13 


nn.w 1 iiMibM 


miM 


















WSM 






0'J2!4C 












tWOM 


i 


?!'! 




S:S 


''!;" 


is: 


is-is 


!>-.T/:^ ! 'j-^yniis 







127 



Depth 


















on 
Weir. 






LENGTH OF THE WBIB. 






Feet 


4 Feet. 


6 Feet 


7 Feet. 


8 Feet. 


10 Feet 


12 Feet 


16 Feet 


20 Feet 


1.019 


780.19 


1191.24 


1396.76 


1C02.28 


2013.33 


2424.37 


3246.45 


4068,54" 


1.020 


781.30 


1192.95 


1398.78 


1604.60 


2016.25 


2427.90 


3251.19 


4074.49 


1.021 


782.41 


11^.66 


1400.79 


1606.92 


2019.15 


2431.43 


3255.93 


4080.44 


1.022 


783.52 


1196.37 


1402.81 


1609.24 


2022.06 


2434.96 


3260.67 


4086.40 


1.023 


784.63 


1198.09 


1404.83 


1611.56 


2(24.97 


2438.49 


3265.42 


4092.36 


1.024 


785.74 


1199.81 


1406.85 


1613.88 


2027.88 


2442.02 


3270.17 


4098.32 


1.025 


786.85 


1201.53 


1408.87 


1616.21 


2030.89 


2445.56 


3274.92 


4104.28 


1.026 


787.96 


1203.24 


1410.89 


1618.53 


2033.82 


2449.10 


3279.67 


4110.25 


1.027 


789.07 


1204.96 


1412.91 


1620.85 


2026.75 


2452.64 


3284.32 


4116.22 


1.028 


790.18 


1206.68 


1414.93 


1623.18 


2039.88 


2456.18 


3289.18 


4122.19 


1.029 


791.28 


1208.40 


1416.95 


1625.51 


2042.82 


24S9.72 


3293.94 


4128.16 


1.030 


792.40 


1210.12 


1418.98 


1627.84 


2045.56 


2463.27 


3298.70 


4134.14 


1.031 


793.51 


1211.84 


1421.00 


16.30.17 


2048.50 


2466.82 


3303.46 


4140.12 


1.032 


794.62 


1213.56 


1423.03 


1632:50 


2051.44 


2470.37 


3308.23 


4146.10 


1.033 


795.73 


1215.28 


1425.05 


16^4.83 


2054.38 


2473.92 


3313.00 


4152.09 


1.034 


796.84 


1217.01 


1427.07 


1637.16 


2057.32 


2477.47 


3317.77 


4158.08 


1.035 


797.96 


1218.74 


1429.12 


1639.50 


2060.26 


2481.02 


3322.54 


4164.07 


1.036 


799.07 


1220.46 


1431.15 


1641.83 


2063.20 


2484.57 


3327.32 


4170.06 


1.037 


800.19 


1222.18 


1433.18 


1644.16 


2066.14 


2488.1b 


3332.10 


4176.06 


1.038 


801.31 


1223.91 


1435.21 


1646.50 


2069.09 


2491.69 


3336.88 


4182.06 


1.039 


802.43 


1225.64 


1437.24 


1648.84 


2072.04 


2495.25 


3341.66 


4188.06 


1.040 


803.55 


1227.37 


1439.27 


1651.18 


2074.99 


2498.81 


3346.44 


4191.06 


1.041 


804.66 


1229.10 


1441.30 


1653.52 


2077.94 


2502.37 


3351.22 


4200.07 


1.042 


805.78 


1230.83 


1443.33 


1655.86 


2080.89 


2505.93 


3356.01 


4206.08 


1.043 


806.90 


1232.56 


1445.37 


1658.20 


2083.84 


2509.50 


3360.80 


4212.09 


1.044 


808.02 


1234.29 


1447.41 


1660.54 


2086.80 


2513.07 


3365.59 


4218.11 


1.045 


809.14 


1236.02 


1449.45 


1662.89 


2089.76 


2516.64 


3370.38 


4224.13 


1.046 


810.15 


1237.75 


1451.49 


1665.26 


2092.72 


2520.21 


3375.18 


4030.15 


1.047 


811.27 


1239.48 


1453.53 


1667.57 


2095.68 


2523.78 


3379.98 


4036.18 


1.048 


812.39 


li241.21 


1455.57 


1669.92 


2098.64 


2527.35 


3384.78 


4042.21 


1.049 


813.41 


1242.94 


1457.61 


1672.27 


2101.60 


2530.93 


3389.58 


4048.24 


1.050 


814.73 


1244.68 


1459.65 


1674.62 


2104.56 


2534.51 


3S94.39 


4254.27 


1.051 


815.85 


1246.41 


1461.69 


1676.97 


2107.52 


2K;8.09 


3399.20 


4260.3) 


1.052 


816.97 


1248.14 


1463.73 


1679.32 


2110.49 


2541.67 


3404.01 


4266.35 


1.053 


818.09 


1249.88 


1465.77 


1681.67 


2113.46 


2545.25 


3408.82 


4272.39 


1.054 


819.21 


1251.62 


1467.82 


1C84.02 


2116.43 


2548.83 


3413.63 


4278.43 


1.055 


820.34 


1253.36 


1469.87 


1686.38 


2119.40 


2552.41 


3418.45 


4284.48 


1.056 


821.46 


1255.10 


1471.92 


1688.73 


2122.37 


2556.00 


3423.27 


4290.53 


1.057 


822.58 


1256.84 


1473.97 


1691.09 


2125.34 


2559.59 


3428.09 


4296.58 


1.05i 


823.71 


1258.58 


1476.02 


1693.45 


2128.31 


2563.18 


3432.91 


4302.63 


1.059 


824.84 


1260.32 


1478.07 


1695.81 


2131.28 


2566.77 


3437.73 


4308.69 


1.060 


825.97 


1262.07 


1480.12 


1698.17 


2134.26 


2570.36 


3442.56 


4314.75 
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827.09 


1263.81 


1482.17 
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2573.95 


3447.39 


4320.82 
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828.21 


1265.55 
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2577.55 
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4326.89 
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829.34 
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1486.27 
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2143.20 


2581.15 


3457.05 
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830.47 
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1488.32 


1707.61 
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2584.75 


3461.89 


4339.03 
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831.60 


1270.79 


1490.38 
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2149.16 


2588.35 


3466.73 


4345.10 
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832.72 


1272.53 


1492.43 


1712.34 


2152.14 


2591.95 


3471.57 


4351.18 


1.067 


833.85 


1274.28 


1494.49 


1714.70 


2155.13 


2595.55 


3476.41 


4357.26 


1.068 


834.98 
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1496.55 
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2158.12 
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4363.34 
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3500.65 


4287.70 
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LBKOTH OF THE WEIR. 


it. 


6 Feet 


7 Feet. 


8 Feet. 


10 Feet. 


12 Feet. 


16 Feet. 


20 Feet. 


83 


2057.98 


2418.80 


2779.44 


3501.32 


4222.98 


6666.36 


7109.66 


84 


2059.99 


2421.18 


2782.12 
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7216.69 


99 


2090.20 


2456.89 
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00 
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2459.28 


2826.33 


3560.44 


4294.56 


5762.78 
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01 
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2829.08 
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02 


2096.26 


2464.04 


2831.83 


3567.42 


4303.00 


5774.16 


7245.32 


03 


2098.28 


2466.43 


2834.59 


3570.91 


4307.22 


5779.85 


7252.48 


04 


2100.30 


2468.82 


2837.35 


3574.40 


4311.45 


5785.55 


7259.65 


05 


2102.32 


2471.21 


2840.11 


3577.89 


4315.68 


5791.25 


7266.82 


06 


2104.34 


2473.60 


2842.86 


3581.38 
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11 
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12 
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13 


2118.50 


2490.34 


2862.18 


3605.86 


4349.54 


5836.89 


7324.24 


14 


2020.53 


2492.74 


2864.94 


3609.36 


4a53.78 


5842.60 


7331.43 


15 


2122.56 


2495.14 


2867.71 


3612.86 


4358.02 


5848.32 


7338.62 


16 


2124.58 


2497.53 


2870.47 


3616.36 


4362.20 


5854.04 


7345.81 


17 


2126.61 


2499.93 


2873.24 


3619.86 


4366.44 


5859.76 


7353.01 


L8 


2128.64 


2502.33 


2876.01 


3623.37 


4370.68 


6865.48 


7360.21 


19 


2130.67 


2504.73 


2878.78 


3626.88 


4374.92 


5871.20 


7367.41 


20 


2132.70 


2507.13 


2881.55 


3630.39 


4379.23 


5876.92 


7374.61 


>1 


2134.73 


2509.53 


2884.32 


3633.90 


4383.48 


5882.64 


7381.81 


>2 


2136.76 


2511.93 


2887.09 


3637.41 


4387.73 


5888.37 


7389.02 


J3 


2138.79 


2514.33 


2889.86 


3640.92 


4391.98 


6894.10 


7396.23 


>A 


2140.83 


2516.73 


2892.63 


3644.43 


4396.23 


5899.83 


7403.44 


25 


2142.86 


2519.13 


2895.40 


3647.94 


4400.48 


5905.56 


7410.65 


26 


2144.89 


2521.53 


2898.17 


3651.45 


4404.73 


5911.29 


7417.86 


27 


2146.92 


2523.93 


2900.94 


3654.96 


4408.98 


5917.03 


7425.08 


28 


2149.95 


2526.33 


2903.72 


3658.48 


4413.24 


5922.77 


7432.30 


29 


2151.99 


2528.74 


2906.50 


3662.00 


4417.50 


5928.51 


7439.52 


JO 


2153.03 


2531.15 


2909.28 


3665.52 


4421.76 


5934.25 


7446.74 


n 


2155.06 


2533.55 


2912.05 


3669.04 


4426.02 


5939.99 


7453.9r 


J2 


2157.10 


2535.96 


2914.83 


3672.56 


4430.28 


5945.74 


7461.20 


J3 


2159.14 


2538.37 


2917.61 


3676.08 


4434.54 


5951.49 


7468.43 


)4 


2161.28 


2540.78 


2920.39 


3679.60 


4438.81 


5957.24 


7475.66 


J5 


2163.21 


2543.19 


2923.17 


3683.12 


4443.08 


6962.99 


7482.90 


J6 


2165.25 


2545.60 


2925.95 


3686.64 


4447.34 


5968.74 


7490.14 


J7 


2167.29 


2548.01 


2928.73 


3690.16 


4451.61 


6974.49 


7497.38 


i» 


2169.33 


2550.42 


2931.51 


3693.69 


4455.88 


6980.25 


7504.62 


59 


2171.37 


2.552.83 


2934.29 


3697.22 


4460.15 


6986.00 


7511.86 


10 


2173.41 


2555.24 


2937.08 


3700.75 


4464.42 


5991.77 


7519.11 
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Depth 
















on 
Weir. 






LBNOTH OP THE WEIB. 






Feet. 


6 Feet 


7 Feet. 


8 Feet 


10 Feet 


12 Feet. 


16 Feet 


20 Feet 


1.699 


2294.72 


2698.72 


3102.71 


3910.68 


4718.65 


6334.61 


7951.66 


1.600 


2296.8C 


2701.17 


3105.54 


3914.27 


4723.00 


6340.47 


7957.94 


1.601 


2298.87 


2703.62 


3108.37 


3917.86 


4727.35 


6346.33 


7965.32 


1.602 


2300.94 


2706.07 


3111.20 


3921.45 


4731.70 


6352.20 


7973.70 


1.603 


2303.02 


2708.52 


3114.03 


3925.04 


4736.05 


6358.07 


7981.08 


1.604 


2305.19 


2710.97 


3116.86 


3928.63 


4740.40 


6363.94 


7988.48 


1.605 


2307.17 


2713.43 


3119.70 


3932.23 


4744.75 


6369.81 


7994.86 


1.606 


2309.24 


2715.88 


3122.53 


3935.82 


4749.10 


6375.68 


8002.25 


1.607 


2311.31 


2518.34 


3125.36 


3939.41 


4753.46 


6381.55 


8009.64 • 


1.608 


2313.39 


2520.80 


3128.20 


3943.01 


4757.82 


6388.43 


8017.04 


1.609 


2315.47 


2523.26 


3131.04 


3946.61 


4762.18 


6394.31 


8024.44 


1.610 


2317.55 


2725.72 


3133.88 


3950.21 


4766.54 


6399.19 


8031.84 


1.611 


2319.63 


2728.17 


3136.72 


3953.81 


4770.90 


6405.07 


8039.24 ' 


1.612 


2321.71 


2730.63 


3139.56 


3957.41 


4775.26 


6410.95 


8046.65 • 


1.613 


2323.89 


2733.09 


3142.44 


3961.01 


4779.62 


6416.83 


8054.06 


1.614 


2325.97 


2735.55 


3145.28 


3964.61 


4783.98 


6422.72 


8061.47" 


1.615 


2327.95 


2738.01 


3148.08 


3968.21 


4788.34 


6428.61 


8068.88 


1.616 


2330.03 


2740.47 


3150.92 


3971.81 


4792.71 


6434.50 


8076.29 


1.617 


2332.11 


2742.93 


3153.76 


3975.41 


4797.08 


6440.39 


8083.71 ■ 


1.618 


2334.19 


2745.40 


3156.60 


3979.02 


4801.45 


6446.28 


8091.13 


1.619 


2336.28 


2747.87 


3159.45 


3982.63 


4806.82 


6452.18 


8098.56 


1.620 


51338.36 


2750..33 


3162.30 


3986 24 


4810.19 


6458.08 


8105.97 ' 


1.621 


2340.44 


2752.79 


3165.14 


3989.85 


4814.56 


6463.98 


8113.39 


1.622 


2342.52 


2755.25 


3167.99 


3993.45 


4818.93 


6469.88 


8120.82 


1.623 


2344.60 


2757.72 


3170.84 


3997.06 


4823.30 


6475.78 


8128.25 


1.624 


2346.69 


2760.19 


8173.69 


4000.67 


4827.68 


6481.68 


8135.68 ' 


1.625 


2348.78 


2762.66 


3176.54 


4004.30 


4832.06 


6487.58 


8143.11 


1.626 


2350.86 


2765.12 


3179.39 


4007.91 


4836.44 


6493.49 


8150.55 • 


1627 


2352.94 


2767.59 


3182.24 


4011.52 


4810.82 


6499.40 


8157.99 : 


1.628 


2355.03 


2770.06 


3185.09 


4015.14 


4845.10 


6505.31 


8165.43 


1.529 


2357.12 


2772.53 


3187.91 


4018.76 


4849.48 


6511.22 


8172.87 ■ 


1.630 


2359.21 


2775.00 


3190.79 


4022.38 


4853.97 


6517.13 


8180.31 


1.631 


2361.29 


2777.47 


3193.64 


4026.00 


4858.35 


6323.05 


8181.76 


1.632 


2363.38 


2779.94 


3196.49 


4029.62 


4862.73 


6328.07 


8195.21 


1.632 


2365.47 


2782.41 


3199.35 


4033.24 


48()7.12 


6234.89 


8202.66 . 


1.6341 


2367.56 


2784.88 


3202.21 


4036.86 


4871.51 


6240.81 


8210.11 


1.636 


2369.65 


2787.36 


3205.07 


4040.48 


4875.90 


6546.73 


8217.56 


1.636 


2371.74 


2789.83 


3207.92 


4044.10 


4880.29 


6552.65 


8225.02 


1.637 


2373.83 


2792.30 


3210.78 


4047.72 


4884.68 


6558.57 


8232.48 


1.638 


2.375.92 


2794.78 


3213.64 


4051.35 


4889.07 


6564.50 


8239.94 : 


1.639 


2378.01 


2797.26 


3216.50 


4054.98 


4893.46 


6570.33 


8247.40 


1.640 


2380.11 


2799.74 


3219.36 


4058.61 


4897.86 


6576.36 


8254.86 


1.&41 


2382.20 


2802.21 


3222.22 


4062.24 


4902.26 


6582.29 


8262.33 ; 


1.642 


2384.29 


2804.69 


3225.08 


4065.87 


4906.66 


6588.22 


8269.80 


1.643 


2386.38 


2807.17 


3227.94 


4069.50 


4911.06 


6594.16 


8277.27 i 


1.644 


2388.48 


2809.65 


3230.80 


4073.13 


4915.46 


6600.10 


8284.74 


1.645 


2390.58 


2812.13 


3233.(i7 


4076.7(5 


4919.86 


6606.04 


8292.22 


1.646 


2392.67 


2814.61 


3236.53 


4080.39 


4924.26 


6611.98 


8299.70 


1.647 
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2817.09 


3239.40 


4084.02 


4928.66 


6617.03 


8307.18 


1.648 
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2819.57 


3242.27 
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4933.06 


6623.87 


8314.66 
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4091.30 
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8322.14 
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2401 .^7 
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2829.50 
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4950.70 


6647.65 


8314.61 
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2407. 3t 


2831.98 


3256.61 


4105.86 


4955.11 


6653.60 


8352.10 


1.654 


2409.46 


28:H.47 


3259.54 


4109.58 


4959.52 


6659.55 


8359.60 


1.656 


2411.56 


2836.96 


3262.35 


4113.15 


4963.94 


666r>.51 


8307.10 


1.656 


» 2413.66 


. 2839.44 


3265.22 


4116.79 
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Depth 
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LBNOTS 


[ OF THE 


WBIB. 






Feet 


6 Feet. 


7 Feet. 


8 Feet. 


10 Feet 


12 Feet 


16 Feet 


20 Feet 


1.715 


2538.50 


2987.24 


3436.98 


4333.45 


6230.94 


7025.87 


8820.82 


1.716 


2540.63 


2989.76 


3438.89 


4337.15 


6236.42 


7031.93 


8828.46 


1.717 


2542.76 


2992.28 


3441.80 


4340.85 


6239.90 


7037.99 


8836.08 


1.718 


2544.89 


2994.80 


3444.72 


4344.55 


6243.38 


7044.06 


8843.71 


1.719 


2547.03 


2997.33 


3447.64 


4348.25 


6247.87 


7050.11 


8851.34 


1.720 


2549.16 


2999.86 


3450.56 


4351.96 


5253.36 


7056.17 


8858.97 


1.721 


2651.29 


3002.38 


3453.48 


4355.66 


6257.85 


7062.23 


8866.61 


1.722 


2553.42 


3004.91 


3456.40 


4359.37 


6262.34 


7066.30 


8874.25 


1.723 


2555.55 


3007.44 


3459.32 


4363.08 


5266.84 


7073.37 


8881.89 


1.724 


2557.69 


3009.97 


3462.24 


4366.79 


6271.34 


7079.43 


8889.63 


1.726 


2559.83 


3012.50 


3465.17 


4370.50 


6275.84 


7086.51 


8897.17 


1.726 


2561.96 


3015.03 


3468.09 


4374.21 


6280.34 


7092.58 


8904.82 


1.727 


2563.10 


3017.66 


3471.01 


4377.92 


6284.84 


7098.65 


8912.47 


1.728 


2565.24 


3020.09 


3473.93 


4381.63 


6289.34 


7104.72 


8920.12 


1.729 


2567.38 


3022.62 


3476.86 


4385.34 


6293.84 


7101.80 


8927.77 


1.730 


2570.52 


3025.15 


3479.79 


4389.06 


5298.34 


7116.88 


8936.43 


1.731 


2572.65 


3027.68 


3482.71 


4392.77 


6202.84 


7122.96 


8943.09 


1.732 


2574.79 


3030.21 


3485.64 


4396.49 


6207.34 


7129.04 


8950.75 


1.733 


2576.93 


3032.74 


3488.57 


4400.21 


6211.85 


7135.12 


8958.41 


1.734 


2579.07 


3035.28 


3491.50 


4403.93 


5216.36 


7141.21 


8966.07 


1.735 


2581.21 


3037.82 


3494.43 


4407.05 


6320.87 


7147.30 


8973.74 


1.736 


2583.35 


3040.35 


3497.36 


4411.36 


6325.31 


7153.39 


8981.41 


1.737 


2585.49 


3042.88 


3500.29 


4415.07 


6329.84 


7159.48 


8989.08 


1.738 


2587.63 


3045.42 


3503.22 


4418.78 


6334.37 


7165.57 


8996.75 


1.739 


2589.78 


3047.96 


3506.15 


4422.49 


5338.90 


7171.66 


9004.42 


1.740 


2591.92 


3050.50 


3509.09 


4426.20 


5343.43 


7177.76 


9012.10 


1.741 


2594.06 


3053.04 


3512.02 


4429.93 


6347.94 


7183.86 


9019.78 


1.742 


2596.20 


3055.58 


3514.95 


4433.67 


6352.45 


7189.96 


9027.46 


1.743 


2598.34 


3058.12 


3517.88 


4437.41 


5356.97 


7196.06 


9035.14 


1.744 


2600.49 


3060.66 


3520.82 


4441.15 


5361.49 


7202.16 


9042.82 


1.745 


2602.64 


3063.20 


3523.76 


4444.89 


5366.01 


7208.26 


9060.51 


1.746 


2604.78 


3065.74 


3526.70 


4448.62 


5370.53 


7214.36 


9058.20 


1.747 


2606.92 


3068.28 


3529.64 


4452.35 


5375.05 


7220.47 


9065.89 


1.748 


2609.07 


3070.82 


3532.98 


4456.08 


5379.57 


7226.58 


9073.58 


1.749 


2611.22 


3073.36 


3535.52 


4459.81 


6384.10 


7232.69 


9081.28 


1.750 


2613.37 


3075.91 


3538.46 


4463.55 


5388.63 


7238.80 


9088.98 


1.751 


2616.51 


3078.45 


3541.40 


4467.28 


5393.76 


7244.91 


9096.68 


1.762 


2617.66 


3080.99 


3544.34 


4471.01 


6397.69 


7251.02 


9104.38 


1.753 


2619.81 


3083.54 


3547.28 


4474.74 


6402.22 


7257.14 


9112.08 


1.754 


2621.99 


3086.09 


3550.22 


4478.47 


6406.75 


7263.26 


9119.79 


1.755 


2624.11 


3088.64 


3553.17 


4482.22 


5411.28 


7269.38 


9127.50 


1.756 


2626.26 


3091.18 


3556.11 


4485.96 


6415.81 


7275.51 


9135.21 


1.757 


2628.41 


3093.73 


3559.05 


4489.70 


5420.34 


7281.64 


9142.92 


1.758 


2630.56 


3096.28 


3562.00 


4493.44 


5424.87 


7287.77 


9150.63 


1.759 


2632.71 


3098.83 


3564.95 


4497.18 


6429.41 


7293.90 


9158.38 


1.760 


2634.87 


3101.38 


3567.90 


4500.92 


5433.95 


7300.01 


9166.06 


1.761 


2637.01 


3103.93 


3570.84 


4504.66 


5438.39 


7306.14 


9173.78 


1.762 


2639.16 


3106.48 


3573.79 


4508.40 


6442.93 


7312.27 


9181.50 


1.763 


2641.31 


3109.03 


3576.74 


4512.15 


6447.47 


7318.40 


9189.22 


1.764 


2643.47 


3111.58 


3579.69 
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6452.01 


7324.53 
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3685.59 
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6461.20 


7336.81 
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3119.24 


3588.54 


4527.16 


6465.76 


7342.95 


9220.14 


1.768 


2652.10 


3121.79 


3591.49 


4530.90 


5470.31 


7349.05 


9227.87 


1.769 


2654.26 


3124.35 


3594.44 


4534.65 


5474.86 


7355.19 


9235.61 


1.770 


2656.42 


3126.91 


3597.41 


45.38.40 


5479.39 


7361 ..37 


9243.35 


1.771 


2658.57 


3129.46 


3600.:^6 


4542.15 


6484.94 


7367.51 


9251.09 


1.772 


2660.73 


3132.02 


3603.31 


4515.90 


5489.49 


7373.66 


9258.83 
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■Weight of a Cubic foot of Pure Watt 
ent Temperatures. 
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N FEET, DUE TO VELOCITIES FKOII TO 4.99 FEET PER ■ 
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147 

USCHABOE. IN CUBIC FEET PER SECOND/OF A WEIB ONE FOOT LONG. WITH- 
OUT. CONTRACTION AT THE ENDS; FOR DEPTHS FROM 0.500 TO a9t9 FEET. 
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yELOcrriES, in fbet peb second, due to heads from is to 

19.99 FEET. 
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VELOCITIES, in FEET PER SECOND. DUE 


TO BEADS FROM 15 TO H 
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6703 
8251 
9H96 
1662 
3537 
5510 
7603 
9806 
2105 
4625 
7055 
9682 



Whiting Paper Co., Holyoke, Mass., No, 1 Mill. 

PolloirlnB m 





4-Ton Mill 


Fins-* 


Writing 


■.Sf 


;'a^-r; 


br 


bEmmn 


wl.«l 


wL 


uiid 


fl"d|um^.' 










Jn 


il^xi 


;'u 


Z^"k ' 


,...1 


bp 


.ri-ilEE*.. 

« ou lurge &bf el. 


pi 


^.U,b 


lingDi 


«h 



uccplabls 

EipeiimenC upan an SHOnouudjwpcr engine fomjriitnrk; fiinil^hrd wilb 900 

KiniiUa of blcocbtiL slock in the CTeuing of Miirch 2e, ISTA, ■[ the Uoiist'onla 
niofUie Bmitli Pspec Co. at Leu . Mus. The rail waxia incbes lun^ by 40 
iDchei diajnelfr Siuerlment heiiim nllh * atook nearly finlibcd, wlilub vs* 
"-'->—' ■■la chnreiid aud Iba tniriM replf --■— ' 



Timr. 


Bey. of 

Ball. 


HCT. nf 


WeiBbC. 


^■".7?. 






















7« 


IW 




IftS 


IMM 












"9 .38 


lii 


■JT* 


1B4 


15.37 



•Boll down HDd Mock b>df fiuish. d. 

Biperimoiire upouFsiWpoinrd puper Engine for rug BimK : fumisbpd with SOOf 
Mill of tbeSmiTh Paper Co., n[ Leo, Mms. Tbo Roll was as ioolIM T " ^^ 





Holyoke Machine Co., Holyoke, Mass. 
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July ISth, 1S71. 



bnidea tils coaDWmluiRiiii:, 13 arwiuK maehlDu, 1 pe^ccrt.S sIiIvi'm, i hM 
trimmer, 1 boltoco roller,! hcifiir. 1 roller, 1 mlitler. All nrihc imi.hium ii 
noLlD Die Hi uir one lime. Bnl latUng mich dlnwuee for Ibis fact i.! >F,'i,.i lo 
be fair, ib«e Is required for driTine tbn mMhlnerr and couiiier.slisftiiii- in ilil< 
room. 4.fl horee-power. In Mr. BUncbard'i upper raora, liiera are, lirelilra Ihl 

niMhinery niid counler^bijllair In (Lis raam, 3.3 liotM-powor. Slakiug t loltd 
of T.I borse-powoT nscd by Kir. BluacliDrd. 

Very re^pecltallj- j-en™, 

L'BAKNINa WoiTiRRH, 

(Signed,) Mcclionli.'ul Engineer. 
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Test of Turbine Wheel and Power Bequired 1 
drive Machinery in Mill at Natiok, R. I. 
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Emerson's Lever Dynamometer. 



rOB MBASUBXira THX POWBB BXQUXRKD TO DBIYB MILLS AXD MACHINBBT* 

[From the London JSngineering»] 

** A thoroaghly reliable dynamometer of simple constractionf and canable of 
being readily applied, is an instrument which might be emj^iojred with acfvautage 
in a rast uumber of cases. Almost all employers of machinery aie interested in 
the amount of power which their machines require; to drive them, and the accu- 
rate measurement of this power would, in a vast number of instances, lead to the 
discovery of sources of WiiSte, which at present pass uunoticed. lu other cases, 
also, where mechanical power is hired, it is of importance, both to the hirer and 
letter, that the power thus applied f^hould be determined accurately. Altogether 
there is a great wsint of a simple and reliable dynamometer, and for this reason 
wc illustrate an instrument of this kind, which has been introduced in the United 
St.ites, and of the perform iiice of which good accounts are given. This dyna- 
mometer ha^ been aesigut^d by Mr. James Emerson. Re ferring to the engraving, 
it will be seen that all the motions are absolute. Theie is no dependence npou 
springs, spiral, or other forms, which are so liable to be affected by changes of 
temperature, and so unreliabli) under variations of power. It is very simple in 
coastruc Jon, and direct in operation. The pulley A, is loose on the shaft, and 
receives tlic power. Its coanection wiih the shaft is made by means of the 
spider J, which is kejred or screwed firmly to the shaft in close contiguity with 
the receiving pulley, iti hub, in fact, forming one of the guides to the position 
of the pullev on the shaft. To connect this fixed wheel with the loose receiving 
'pulley, a ball crank lever is pivoted into projecting ears on the rim of the wheel 
on opposite sides, the long arm of which connects with an annular slotted collar 
on the shift by means of the short bars, B. The short arms of the bell crank 
levers coauect on the inside of the fixed wheel with two radial bars, one parallel 
to the outer arm of the bell crank, and the other at right angles to it, receiving 
near its upper end a pivot passing through a swivel hung to the arm of the 
spider waeel, and having its extreme end pivoted to a stud fixed on the inner side 
of ihe rim of the receiving pulley. It will be seen from this description that the 
strain of the power received through the belt on A will uccefesaiily react on the 
levers, and through them, on the fi\ed wheel, which may be considered nothing 
mire or less than a support to these levers in sustaining them in position to connect 
th3 loose receiving pulley with the shaft. At B it will be seen the levers are con- 
nected by pivots with the slidin<4 collar, in the annular groove of which is seated 
a strip with which is connected a forked lever, the fulcrum at C. To the end of 
the long arm of this lever a rod with a short section of machine chain is attached. 
This chjtiu runs over the cylindrical head, D, of a pendulum wi ight, E, having a 
pointer that traverses a fixed quadrant, F, properly divided by a sci^le to denote 
the relative pressure exerted through the medium of the receiving pulley on the 
shift. The p illey, G, is fix"d to the shaft, aud delivers the power." 

vVith this description of the parts, and an examination of the engi'aving, any 
of our readers may understanl the operation of the device. It will be seen that 
all th^ motions are absolu;e, there bein^ no chance for play and "backlash." It 
is a weighing machine as correct in principle as the old-fashioned steelyards or 
the pUtform scales; in fact, it is simply a rotary platfoim scale, and each 
michiue i-t weighed and tested in place by han^ng to the pulley, A, sealed 
weights, and marking the inJex as each weight is added." 

Mechanic tl power is as much an article of commerce as is any other mate- 
rial that supplies our necessities or comforts, but while everything ehe that is 
bought and sold is wei^h.-d, measured or gauged with the most careful exact- 
ness, operative foce. the very mainspring of business is disposed of in a man- 
ner so slovenly that only a knowledge of the force that a long continued habit 
has upon man cai account for it« tolerance for a day; but the woi.derful improve- 
m.'nt<}mide during the past half century in the means of brin^an? all nations 
together, almost as one people, have brought about a sharpness of competition 
that will forever render impossible the enormous profits once 8o common with 
manufacturers; and far f^reiter ec'»norav in every expenditure will be absolutely 
necessary hereafter to bring suce< ss; with few exceptions, dividends of the past 
fivt years have been- 'extorted fiom thf wages of the operatives, and it will be 
well for capitalists to consider how lon^? such a sy.^tem can be continued. Forty 

Sears since our mills and shops weie suppli d with help from the New England 
tates; that source has long been exhausted. Ireland was then drawn upon, and 
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Experiments at Massaohusetts Cotton Mills. 



Lowell, Mass., Mabch, 1872. 

Trial of power required to drive 15 ftretchers. (3d speeders) 52 spindles each 
s=780 spindles. Speed muin shaft of machine, 396 revolutions. Speed of fljer. 
1121 revolutions. Frames driven by a train of 8 couut -r-shafts— two frames by 
each, except the last, which drives one. These shafts are driven, the first from 
the main line, and the others in succession from each other. 1st. Machines and 
shafting required 8056 lbs. per sec =14.63 horse-power=537 lbs. or .976 horse- 
power each=10.3 lbs. per spindle=:53 24 spindles per horse-power. 2d. Shaft- 
in:r and loose pulleys, 2000 lb8.=3.64 horse-power. 3d. Shafting alone, belts off, 
732 lbs.=1.33 horse-power. 

Trial of power to drive 6 throstle spinning frames, (warp) , 5 having 128 spindles 
each, a:td one 112 spindlcs,:=7o2 spindles, driven by a rrain of 6 counter-shafts, the 
^ first belted from the main line, and the others in succession from each other. 
Thif being an odd r jw of frames, only one frame i^ belted from each shaft. 
Spinning f^o. 20 yarn, cylinder running 750 revolutions, and flyers 4312 revolu- 
tions per minute. ' 1st. Shafting and loose pulleys, 1150 lbs.=2.09 horse-power. 
2d. Shafting alone, machine bells off, 767 lbs.=1.39 horae-power. 3d. Frames 
and shafting, 6900 lbs.=12.54 hjrsc-power. 

Tri il of power required for 112 looms, weaving 36-i'ic"'i sheetings. No. 20 yarn, 
60 threads to the inch each, warp and filling, bpecd, 130 picks per minute. 
These looms are placed in the back part of the middle portion of I*I^o 1 mill— 
one-half in the basement and half in the room above— being belted from 5 lines 
of shafting in the lower room. These shafts are driven in succession, one from 
the other, the first from the m <in line. Size of shafting, 2 3-16 inches, except 
the first piece in each line, on which the counter pulleys are placed ; these are of 
several different sizes, but about 2^ inch on an average. The drivinpf pulleys are 
12 injh diameter, and the loom puLeys 14 inch. 1st. 112 looms with shafting 
lubricated with tallow. Average of several trials : 8870 lbs.=16.13 horse-power 
=79 20 lbs. per loom=7.24 looms ])er horse-power. 2d. The same, after oiling 
the journals of V.\e shafting: 8492 lb9.=15.44 horse-power=75 82 lbs. per loom= 
7.24 looms per horse-power. 3d. Trial of shafting and loose pulleys, lubrica'-ed 
with tallow. Average of several trials: 2876 lbs.=5.23 hor>e-power. 4th. Same 
after fk>eshly oilinjr: 2245 lbs.:=4.08 horse-i^ower. 5th. Shafting alone, belts off: 
913 lbSs=2.40 horse-power. 

Trial of power required to drive 8 Lowell Machine Shop Mules, 624 spindles 
each, with Emerson's Dynamometer. Five mules were running on No. 22 yarn, 
spindles making 5500 revolutions per minute, and three mules on No. 37 yarn, 
spindles making 62.30 r.;volutions per minute. 1st. The 8 mules including shaft- 
ing. 12,250 lbs. =22.25 hor8e-power,=2 45 lbs. per spindlc,=224 spindles per 
horse-power. 2d. Shafting alone, 17.10 lbs.=3,ll h <rse-power,=14 per ceut. of 
the whole power. 3d. 8 mules without shafting, 19.16 horse.power=211 lbs. 
per 8pindle;=260 spindles per horse-power. 



Test of Machinery at the Alpaca Mill, Holyoke, Mass. 



Looms made by Georg> Hattcrly & Sons, Keighley, Yorkshire, England. 
These looms were supposed to require but one-tenth of a horsc-powor each to 
drive them ; 250 of them in use there. Two sets of four each were tried, each 
set taking exactly the same power. 

H.P. 
Foar looms (plain,) 40.inch reed space, 180 picks per minute, 1.13 
8ploning frame, 144 flyer spindles, 2500 revolutions per minute, 2.60 
Lister Comb, 18 inch nip, combing long wool, .68 

I'Jreparer for comb, second of fivir, fair average of the set, .69 

' D^dy roving frame, 24 spindles, 1300 revolutions per minute, .78 

. 1^ spindle way box, .68 

Six spindle finisher, «56 

Many patents have been taken out for the purpose of protecting devices supposed to produce rery 
Itetat tanning spindles, but thore arc spinning frames in this vicinity (with unpatented devices.) 12B 
•piiidlM each tlial run lighter than any fVanies that I hive seen eimwherc ; these ar«' driven with 5-8 
«f ^a tnoh belt, and can and have been driven with belts of bat 1-4 of an inch in width. 



Test of Tarbin© and Power Required to Drive | 
Machiaery. 



Driving shuItiDg of Diill and amall pump. 
2d Teat <iate opi^ncd 6 tumB, 
Ode 5 bole vslcr miuigle. 1 Scolch ftarchiDg mangle, i holies, 1 i^plnrile 

3d TeK. Goic oppned 8 turns, 



.11 ibe above, wlili muhincTr in drrliifc room nddltloiul. The Utter 

M X ilrylne DiHchine, 11 cylinders. SOilSO [nchca, 1 BqutiezEr. 1 ofiSB- 

\ae loanale, 2 iheareri, * aeU knivoa pflcli, and T Canroj winder. 

The IS 47 h. p.rcquind lo drive sbaniiie mast he deduoied from Iha H 

Ihlrd and fgnrtb testa lo get Ihe power required lo drive Ibe inacbioerj st " 



memoranda of pon-er rcqalred for opi?raIinR certidn hlonelilng, fini 
djelng machiuBB, at S. M. (Jreeue & Bona' Bluch and Print Works, i 
K. I., tested with Emerson's Lavet Dynamotoeter, April 1874. 

Watbine Macbine with i holes— 31 inahco diameter. 10 fi>et long wltli~ 
squeezers atlaehedl coiuiaLiug of 3 boles— 21 incliai diameter, lilaohM 



Water inanglB-6 boles, 
Friolionmangle-l holes, 
Cidendar— a holea, 

Calendar -4 holcsl (out bole being a t-incb spindle,) 

Bheariog rpscldnea-* sets l.niv«T 

Burrows' patent dye heck— 40 pti., 

Washing Machine, Madder Dye Honse, with 2 boles-10 feet !(._„. — 
Inchea tliamcter. withiqaeezen— B boles, la Inehes long, attached with olcEh ! 
luoBD In walor pit. * 

llot water macbineB-2 biiee, In dje house, 

Canroir Winder- far printing machines, 

Power to drive stintting and spring water pumps of ]>leaeliery, driiag j 
room and man^e, and finishing nwms for white work, 

All the above were trial! whilo the maebiuos were at work cloth IhreadMl 
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< Tests of Various Kinds of Machinery. H 

During the pM( ten jean I huvB IMled the power rcumrcd lo 6nve ■ preW 
vix'iftj of ID luhiner;, bat lure kept do iccard of aucli unlU reotnlly, beiuntB 
Kucli usu ti Qlhi^n BL-a of but IftUu -ntlHB nolna Ihl co^iUoui ire exactly the 
lamc, Bbicli is unUltdy lo lie the cue. 

The rollawing w.re taken ii r>ie tnUli nam^d iknd lepreteDt tbe noirer required 
lo driio [he macbines H-liile doioff Iheli resral" work; by the teatt i" -"" ' - 

i4 llkeb' to Ik per hoine poWLr. It wiU alho ba apparonl tbac laaeh 
upon iLe make of Ibe A-Bma. 



Tut of Lan phear f-amo, IK Ribbetb iplod 
To drlTB ompiT eplndlsB, required 
To drive spindle and bobbin, wiilmac connecli 
Mean, fraio empty to fnil bobbins, r,!quired 

Compu ed rgvoIutioDs of spindli! per minute, 

Brf olatioM of Iroot roil. 

No. of yarn, 

Ljiugth of IMren an bobbin In inpbei, 

Foot Ibt. per spindl,! wlien at work, 

Namb ;t of spindlei per bDrae power, 



202 llgbt ions fipindlcB No. 1 mill, 
tyt'i full bobbins, 

Foutibg. perspiiidle, 412 

SpiDdloI per liorsc power, TS 

To drivn the cylinder And (piodles, rollg itopped, required l.BB bona pan 

Lowell frame barinK SOS abort spindles la No. * mUl. 
Hoan, ftom empty lo fuU bobbu», S 31 hone pi 

Computed revolution* of »>bidle'B, IHIO 

Herol lUoDB of front toll, W 

Len^iTb of trarers on bobbin in inchei, iU 

No of yarn, . 23 

Fool lbs. per spindle, f^ 

SplQdloip.Tboreo power, M 

Tbase (piiidles were reduced In weL-iii, then reqnired 2,81 h. p. or 7S.8 
dies per b. p. To d-lre tlie cylinder and epiadlea, tlie rolls being ato] 

e. (old) 208 lone spindles. 
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IntermediatK", 56 spindlrs. .90 bank roving. 6^-inch space. 9|>inch travorfi. 
Front roll, 1| inches in diameter, makine 200 revolutions per minute. Flyers 
940 revolutions pvr minute. Required, 1.43 b. p., 340 foot lbs. per spindle or 89.2 
spindles per horse power. 

Fine, 72 spindles, 5-inch space, 8^. inch travers, 2.83 hank roving. Diameter 
of front roll l|-inch, making 140 revolutions per minute. Flyers 1215 revolu- 
tions per minute. Bequired, 1.68 h. p., 783 foot lbs. per spindle or 42 spindles per 
horse power. 

Two Drawing Frames, 3 to 1, 4 deliveries each. Boll IX inch diameter, making 
30% revolutions per minute. Bequired, 1.00 horse power. 

Two Pawtncket Spoolers, 80 spindles each, or 160. per pair. Revolutions of 
cylinder 165 and of spindles 786 per minute. No. of yarn 22, warp. Required, 
.74 h. p. Spindles per horse power, 217. 

Five Howard & Bullock Warpers (English) Cylinder making 45 revflntions 
per minute. Width of section, 54 inches. Avera{;e No. of uiteads to each 
warper, 350. Required, .83 h . p., or .16 h. p. per warper. 

CmCOPU MF'O CO., CHICOPEE FALLS, MASS. Qeorge H. JouM, Agcat, Not. 1878. 

MAirVFACTURE COTTON FLAXNELS, QUILTS AND SUBBTINOS. 

Test of frame having 256 Sawyer spindles, in a mill of that company. 

To drive the empty spindles, required 1.26 horse power. 

To drive bobbins before connection with yarn, required 1 46 

Mean, from empty to full bobbins, 2.09 

Revolutions i f drum per minute, 863 

Computed revolutions of spindle, 7612 

Revolutions of front roll, 88 

No. of yarn, 25 

Length of travers on bobbin in incheSi 5 

Foot lbs. per spindle when at work, 269.6 

Spindles per horse power, , 122 > 

WARP HILL, HOLTOKE, MASS. J. L. Burllngame, Agent, Dee. 1878. 

MAXUFACTURE WARPS. 

Lowell Frame, 160 Sawyer spindles (old frame.) 

Mean power required 1.87 horse power. 

Revolutions of drum, 860 

Calculated revolutions of spindles, 7166 

Revolutions of front roll, 103 

No. of yam, 18 

Travers on bobbin in inches, b^ 

Foot lbs. per spindle, 387 

Spindles per horse power, ■ 85.2 

Another in same mill; New Lowell Frame, 160 Sawyer spindles. 

Mean power required 1.74 horse power. 

Revolutions of drum, 935 

Calculated revolutions of spindles, 7480 

Revolutions of front roll, 84 

No. of yam, 28 

Travers on bobbin in inches, b^i 

Foot lbs. per spindle, 358 

Spindles per horse power, 92.1 

HADLET CO., HOLTOKE, MASS. William GrOTer, Agent, De«. 1878. 

MANUFACTURE TAEN, THREAD AND TWINE. 

Whitin Frame, 144 Buttrick spindles, ring 1^ inches. 

Mean power required 1.5S horse powvr. 

Revolutions of drum, 913 

Revolutions of front roll, 93 

Calculated revolutions of spindle, 7606 

Travers on bobbin in inches, 55^ 

No. of yam, 22 

Foot lbs. per ftpindle, 361 

Spindle per horse power, 91.2 
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No. of yam, 30 

Vravers on bobbin in inches, b}4 

Foot Ibfl. per spindle, 261 

Spindles per horse power, 126 

Fales & Jenks' 1876, Twister, 248 Babbeth spindles, two cjhnderii. 

Mean power required 4.80 hone power. 

No. of yarn, 40— 3 ply. , 
No. of Traveler, 14. 2-inch ring. 

Diameter of drum, 8 inches. Revolution? ot same, 750 

Thre? inch roll. Revolntinnii, 27!«i 

Diameter of whirl, 1 5-16 inch. Revolutions of spindles, 4562 

Foot lbs. per spindle 639 

Spindles per horse power, 51.6 

Two cylinders in the same frame can hardly be desirable. 

Fales & Jenks' 1872, Single Cyhnder Twister, 144 Rabbetli spindles. 

Mean power required 1.74 horse power. 

No. of yam, 40—2 ply. 

No. of Traveler, 16 

Seven inch drum. Revolution**. 823 

One and one-half inch roll. Revolutions of spindle, 43 \ 

One and one-sixteenth whirl. Revolutions of spindles, 5435 

Foot lbs. per spindle, 400 

Spindles per horse power, 82.5 

Higgins' Sons & Co. Slubber, 60 spindles. 

Revolutions front roll, 118| 

Revolutions of spindles, 676 

Required ' 1.02 horse power. 

Spindles per horse power, 58.6 

Higpins' Sons & Co. 7-inch intermediate frame, 128 spindles, hank roving 3^^. 

Mean power required 1.58 horse power. 

Diameter of loll l| inch. Revolutions 128 

R«>voluiions of spirdles, 1118 

Foot 1 bs . per sp ii I die , 408 

Spindles per hori^e power, 81 

Higgins' Sons &Co. (English) 5}^ inch Jack Frame, 144 spindles, hank rov* 
ingll. 

M^an power n-quired 1-45 horse power. 

Revolutions of roll, 83. Diameter of same in inches, 1 ^^ 

Revolutions of gpi* dies, 1400 

Foot lbs. per spindle, 333 

Spindles per horse power, 99 

English Twister, 286 Rubbeth spindles, l\ inch ring. 

Mean power required 3.97 horse power. 

No. of yarn, 36-2 ply. 

No. of Traveler, 15 

Bight inch drum. Revolutions, 600 

Three inch roll. Revolutions, 23.5 

One and one-fourth inch whirl. Revolutions, 3840 

Foot lbs. per spindle, 458 

Spindles per horse power, 72 

Crisrhton & Son (English) Doubler, 16 end«. Lap 187 pwt. to the yard. 
Driving pulley, making 600 revolutions oer minute. Required, .55 horse power. 

Boyd's (Glasgow) Spooler or winding machine, 50 spindles or drums. One 
side winding from three bobbins; the other side winding from three cops. 
Driving puUey and drums, making 228 revolutions per minute. 

Mean power reauired .15 horse power. 

Foot lbs. per spindle, 99 

Spindles per horse power, 333 
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Pidr of Dobson & Barlow (Enprlish) Mules, 832 spindles each. 
Ten stxctches in 4 minutes, 2o seconds. 

Diameter of front roll, 1 inch. Revolutions of same per minute, 72 
No. of yaru, 70. Calculated revolutions of spindles, 5663 

Maximum force required, 7.83 horse power. 

Bpmales per horse power, 212.5 

Pftir of Mason Mules, 832 spindles each. 
Ten stretches in 3 minutes, 65 seconds. 

Bevolutions of front roll, 78 

No. of yarn, 70. Calculated revolutions of spindles, 6000 

Maximum force required, 4.40 horse power. 

Spindles per horse power 375 

French Comber made by Hethrinprton & Sons, Manchester, England. 
Making 62 strokes per minute. Required, .24 horse power. 

PUtt Bros* Jack Frame, 144 spindles, hank roving. 

Mean power required. .73 horse power. 
Boll l| inch di.imeter. Revolutions of same 61 

Revolutions of spindles, 1181 

Foot lbs. per spindle, 167 ' 

Spindles per horse power, 198 

Ki son Picker (changed; using Whithead & Athcrton's. 
"Whipper beater. 

Bi.imet t of roll, 9 iuches. Revolutions of same per minute, 8% 
Revolucio.is of 24-iuch whipper, 1130 

1-ievoIutions of 16-inch beaters, 1545 

Revolutions of fans, 2000 and 1500 

Yards of lap per minute, 6.86 

Maximum force required, 10.24 horse power. 

Whitehead & Atherton's Picker. 

Diameter of Rolls 9 inches Revolutions of same per minute, 8>^ 

Bevolutions of 24-inch whipper, 1070 

Revolution -i of 16-inch beater, 1380 

Bevolutions of fans, 1900 and 1340 

Yards of lap per minute, 6.67 

Maximum force required, 9.35 horse power* 

Kitson's 2d Picker or Finisher. 
Diameter of rolls 9 inch Revolutions of same per minute, 7 

Bevolutions of 1st beater, 16-inch, 1475 

Bevolutions of 2d better, 16-iDch, 1410 
Bevolutions of fans. 1430. Yards of Lap, 5.5 

Maximum force required, 7.8 horse power* 

Whitehead & Atherton's 2d Fick^r or Finisher. 
Diameter of rolls, 9 inch. Revolutions of same per minute, 7j^ 

Revolu ions of 1st beater, 16-in«h, 1410 

Bcvolution ; of 2d beater, 16-inch, 1410 

Revolutions of fais, 1374 
Yards of lap per minute, 5.9 

Maximum force required, 6.64 horse power. 

The Kitson picker had a six inch belt, the Whitehead & Atherton a four inch ; 
by timing the two and weighing laps, a difierencc of more than ten per cent, was 
found in favor of the Kitson, but this was done away with by soaping the pullevs 
an i belt of the Whitehead & Atherton machine. As arranged, for doing tne 
gimc amount of work, each required the same power. 



Weston's Diffepenlial Pulley Blocks.! 



Yale Lock Manf'g Co., Stamford, Conn 






iiblD to allwLo hiro hoiicLng ro da 
m nhlch has cxislr d ftmi lh^ begin. 



The Differenlial Pulley Block b»a met 

hsndUng of bear; niiB:titB Is iuvolTcd, u,nd numberle-s oooirlTuicN bure brcn 
derlseil for inablloB snch work to be done wilb euo, Bifelj. anil tbe emplujBKiit 
of oompinilteLy bdulU power. 



Of nil Bloet., Mr. 
putt und porUiWo bo 
idViMage o.er all 01 
ngof Ills luAil doeaii 
tpplied for lioUdng o 


Weston's Now fieartd Block, a the most powM/Ul, coin. 
■1 DOW in use. auil at ibs some time poibcshcs [lila dfciilcil 
Let.; Ihiil it ii llie only Geared Block in which thq m.peiid- 
oi iluptiid upon tliii godrs. lu ibo Geared Block, poimr & 
lowering br mexna of a band obi^, and u thia chalalB 
1 Ihf load, the opcrater may etand at quite a dlsCmoajfl 


With the Hired Bl 
batlieenollf^Oom^i 


kV. IOQO 1b>. U the m&iimum load wliich can be UiM^i 
be tieuied Bleek the eflidencj of one man la Increawd M. 
WB to HJMI pounds. 


IdEB of the sla,..k clw 


b tbe lifting i^Dd loneriog li effected by pnlUiv appulle 
makes tUeao Blocks unriv»!ed, whether (Or eT«r7 dftj nx 




Answer to Correspondents. 

MinnriotBrlDR leueritljr rEq»lr«i lb- slit al lb* Boilrr MhIcet, vba ii n»£ 
foODd Iji WmV ph»»a, but il iu vory dLtfereat wlure milLfi aru locitlcd in inuU t1 



Eolyoke Steam Boiler Works, Holyoke, Mac 




TiLukt, Bcup K _ 

UaiiKeBnndFltUDgi- Rubber Pulung 
All .lylpi Gmu.. Ban. mmm™ and i..„ 

ered in mllle. Bepiiir* on BoilKra proigptly done. Onlen 
Be<'gnd-Huid EnclniM und Boileri coDxtantlj' an bind ai 
Bollen Bul Bnidnes bau(tbi,i«>ld bu) eicliaiigcd. Worl 
Sirer Ballroad Depot. 
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Ship's Windlaea- 

'ulMi often luppened, when low rsaul'i lUTe compoll ^ , 

■blj □[ turbine plnDs, IIuiI Lhe Oetisnsn luv^ IdUiumuiI Ui*t ill buf ciperienMil 
the viciultoOei of tu iureoUir'i lite, more IculeDcy weald 1» ■hown. Tbe P^Icnl 
OIHde OEporu irUI ibow that qulu a aumbcr aiid Tsrieir of pHtuau huve bceii 

..... . .. ^- -'-■-- -"B n.Ushow a •tUriBrgornumberof 

KJBi:ti-d, Dibera gi 




. TheoibleBwi 



stTctoh of chain buck of the wlndliLis to help hold lEfram Bliptnn? wbnl 
tniuldr. Now, bj considering ttut ibetnrgcHi; cbBia i»bls9 ate Taa:da ofi 
IroD, ii( Innhes (n dluuiEter, the lliikn beiug eiiiht laches wide a.nd twcl 
length— Blly pouudB to e»rh Ibotiulcu^b oFchil- --■- ""- "— ■-—■'- 
forty feet Id length witb iuiidcIidi of ibice tons in 

rcnOilf be nnderitoad thaC i. otcit hud b. hBrd joL ._ _. . 

punieulorly in deep wnler; be4Jc>, It was oflen impossilile lo get 
rindy to let 00 before B nhin would be ashore, for it was almfB ncccoi 

iiuDharooiildbabtgD; fmlo drop a heur; aneboiMid BbBlD In ten li 



sufttyof cable, wludlBU or bail's of tlieiililp; coasKiuroily, an 

reaek boltom bud tu be miiO'ii forward ofthe windliaa aa a r 

(be luras of ike oi^ie luoand the wiuUua adding much to the labor. 
<votd dceifmrtbau»hl*CalhDiDB[ter,BndiulB4(>s. ~ ~ 
ttiUiouB were presented to aoafjriair friouda, and bj 
" Wbatl TrarfliTesBadauohSmmeaaeaaiouHIBof ^._P„,^ 

mi xhacblei, placed at every acieen faikoma of ea.b& ? " iidd iinotbw- 

[hey were ■obrntlted to bin; he van Dae of the old iehaal,iiR<utML _ 
Ite examined the plaai, a uodel in fact, worked it, hove Id and let MU 
for au hour; thea Eot up, aame to me and exclaimed; "WeH.IhanBstatti 
mMDyd a fools, but fou teem la be the biggest DDBtrftbo lot. Wh Ml «« 




V/hj, let a, ihip anutioc in h gtie. uid alilp uid arrw nauld go Id b-ll tontlier." 
MyeapitBliai declined to gd lold the b[i»LaD:4a, FiniUy, odu waa (oitud wUlinelo 
help; thou the abjeaiion wu ruiiDd Cbat Ibn linLu of ctblel wled in li^DAh 
TO inach thM it would be impossible lo handle them io the wsj proposed. My 
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Uiig w fninlih his st 

■ uBioientli' eqli»l — ' ■- ' 



iUBsirBtod." This, of 'oourflB, nsodered ajl of the trouble and 

■nHnsB of the specinl pUn patcuiud tueless. A windlus. eosiine some elcht 

»__j_j j_,. . j^ but botons behig flnhihcd the Bbrp owqit had 

IDC dare risk its me : itwasoffercd ua siftlo 

■■ -'her ImullnEt ship ^■•"■< ' ii~,._.''u 

vhlie lIitlesslT i 
Wetbe*. a oiui w! 
iblgh idea of th 



IB frlglitenei 

■r pliKOS. 
lalnat bope, I mi-t a CapU 

midlT spproHchlng him I oski 



>, that it is worth DcmlT a oenl pe 
p aJid carting it :q the KioudrF.''' 



■e an opinio 

eea It and c> 

nod Jar D 



Lo kind nben passing by as to 
. of ill merits. '■Wliail"hB 






dry.''^ AlliT moaths of walling a place vm found 
loiltatKennebunkPoit.Me. CWra,Loni,Jr,} When 



te dayh)tht ; 



^ ffore riding w 

.; the starboard chain w 
^C go, and la tireet; mhi 
rlQfor Che captain of thi 



■0 Blai boiirduicbor. Id 



hiiqtanco iKcol* were stro!i((l. 



I Bhip huiliera.wbo found it hard 



.»t*»old*i . . - - . - ^-, 

M promisee, and iCwu really through sueh that it gained a plate. In lime. 

• tiiB cry; b«9vde»,lf they lost tLeir cnhlca it was gi nerally iropnsslble to 
riun them vlth olhets of (bo same kDgth of link. This conlinaed uotil tho 
■- enience ot the windltss bui became so Lppaieul Ibatcammanriera of ehlpa 
D ta importone tbr them. In Che mean lime, one had been placed upon Iho 
DD«,sblp of athoosaal ions, bitonging to Iho "Dramatic Line," from New 
i^io Liverponl. Aa ihtHa »hip* hronglii laree numbers of immiBrrants, I had 

r-onorlv to the slmneth nf east Iron irrara. Surldrnl 

st the Fom 



t Ibrthne named" brought I'-eliet! 



Hrthan tfeltcsjiableot carrying Ui praee; i 

The ship atrnck belbro there was tbouubt o. «...«"■ .^"--j -r. „.u u^.u 
here, that while I had control of the manufacture of the windlass, no loes ( 
OMurred throngh ila nac: on the conli-ary, ships were often saved Ihroogh^ 
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I, that I had furnished (hat and 








Ibc IliiMiLD nnd Eiiyiilliui garemm'nU: had hml order* fi-om Chbu, Spolii. 
laJy. EnjUiid, ScnlbuiiJ. »nd tbrouihout ihia cuunlrv wliereier ibipt wer« 
built. Toe foUowiaj eaniBcuUi will abow Ihe cbiDua of opluian. 


ILuewuuTn Cm*ut»«ui BMiiiiiic Aaionimos. JasB. 
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CHAKLMPEABBON.i 
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KICHAIID BAKKII. f 
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Che nftyal constructor who had been the strongest in that objection. . ** By George I 
that U simple, I didn't think it could be done ; buc, after ail, the other plan is 
best; a chain is not often lost," was his comment. Such was the ftivolous treat- 
meni experienced for years. Owing to the war, many merchant vessels haying 
my windlass in use were turned into naval or war vessels. The following cer- 
tincato will show how the Mrindlass answered its purpose : 

U. 8. STKAMKa SOUTH Cauoiaha, Off Qalvestok, lag. 20, 1861. 

8lB: — ^In accordance with instructions from Flagg Officer Mervine, -wluch direct me to inform the 
Department as to tlie merits of the " Emerson Windlass," now in use on board tliis vessel, 1 liave 
the tionor to report that it lias been used by us constantly for the past tbree montlis, and tliat our 
opportunidea forjudging of it!< utility have been amplv sufficient. We find itcertain and quick in Its 
operaUons, not only in heaving in, but also in veering; it is strong and compact, taking up lesk 
room than any thing of the kind I ever saw. in fact, it reduces the tedious, old fashioned, and 1 may 
■ay, often dangerous way of handling our heavy anchors and chain cables, to the simple proceits [in 
heaving up3 of walking around with the capstan, the chain taking care of itself as It comes in; 
while in veering, asnull '"plug" is removed, leaving the whole control of the heaviest cliain in the 
handsof one man, who by theuid ofa 'Mever" on a friction band, manages it with perfect casa. 
Besides, it is always readv. I have been lying with fifteen fathoms of chain out, onseveial occasions, 
and have, without giving previous notice to any one, been under weigh and steaming along at the 
(•te of four knots, in five minutes after the order was given to man the capstan. It will be seen, 
therefore, that the faeuity thus afforded for getting underweigh i>* a positive saving of fuel in a 
blockading steamer, for otherwise, she miglit deem necessary, for entire efficiency, to keep nnder- 
weigh almost all the time. Respectfully, I am sir, your ob't serv't. 

JAMES ALUKN, Command g U. S. Steamer South Carolina. 
Hon. GIDEON Welles, Secretary U. S. Navy, Washington, D. C. 



In 1858 there was no chain making in this country, our cables all being im- 
ported. The followiijg circular will explain itself. The lengths named were 
readily adopted, and I presume still contiuuu to be the standard lengths. 

To Chain Manufacturers, op Great Britain. Gentlemen .-—Being 
fnsraged iu the mauafacture of Windlasses which huld the chains by the links 
instead of by a turn around the wiudlass, I often lind a g.eat ditference inihe 
length of liuks of the ditferent manufacturers' chains. This seriously alfects the 
woridng of the windlass, and is sometimes very iuconvenieut in replaciuf; a lost 
chain. As this kind of windlass and capstan is fast taking the place of the 
wooden windlass, it would be much better to have some regular lenuth of link 
fi»r each size chain. I herewith give a graduated scale of lengths for difii rent 
Rizes, which is very near the same as the scale of the Messrs. H. "Wood & Co. of 
Liverpool ; it, however, is a little more even than theirs. The shackle is another 
c iu-*e of difficulty. These should be made so that the inside of them, that is 
from the inside uf the bolt to the Inside of the other end. should be the rame 
length as the inside of a link, and then the shackle link in the end of the chain 
which the bolt of the shackle goes through, should be long enough to make up 
for the butt of thn shackle. There should be a long link at one end only, of each 
piece of chain, which should be for the bolt end of the shackle. There should 
also be a good swivel next the anchor shackle in all cases. 

Jahbs Embbson. 
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certainty as is that of the purchase of a given fonoant of coal or f^roceries, if the 
same care i^ used in the selection, that is, have it weighed or tested before accep* 
tance. To accomplish this has required unqpasing labor. For ten years I have 
not had a holiday, visited a relative, spent a social evening at a neighbors or 
taken a meal oi victuals out of my house or hotel, and have less means to-day 
than ten years since. In return, I have constantly been misrepresented, not only 
by turbine builders who have failed to gain favorable reports, but by thought- 
less manufacturers who have repeated rumors without taking pains to ascertain 
their truth, yet for all this, I would readily do the same work again. If I have not 
done all that was possible, it has not been through any lack of desire on my part 
so to do. As to the kind of engineers alluded to it would be useless to bother ; 
if professional and national pride were insufficient to prevent the disgraceful exhi- 
bition of en^neering ignorance displaved in the attempt to test turbines at the 
Centennial Exposition, they are not likely to improve. But to those just starting 
in the business, I would earnestly urge the importance of a practical acouain- 
tance with matters pertaining to hydraulics, if they would really be useful. A 
^udy of theories will never give a man confidence in trying emergencies. 



Horse Power and other Matters. 



Wnen Watt began to introduce his steam-engines, he wished to be able to 
state their power as compared with that of horses, which were then generally 
employed for driving mills. He accordingly made a series of experiments, 
which led him to the conclusion that the average power of a horse was sufficient 
to raise about 33,000 lbs. one foot in vertical height per minute, and this has been 
adopted in England and this country as the general measure of power. 

A waterfall has one-horse power for every 33,000 lbs. of water flowing in the 
stream per minute, fur each foot of fall. To compute the power of stream, there- 
fore, multiply the area of its cross section in feet by the velocity in feet per min- 
ute, and wi! nave the number of cubic feet flowing along the stream per minute. 
Multiply this by 62^, the number of pounds in a cubic foot of water, and this by 
the vertical fall in feet, and we have the foot-pounds per minute of the fall ; divid- 
ing by 33,000, gives us the horse-power. 

For example : a stream flows through a flume 10 feet wide, and the depth of the 
water is 4 feet ; the area of the cross section will be 40 feet. The velocity is 150 
feet per minute— 40x150 =tK)00=the cubic feet of water flowing per minute. The 
fall is 10 feet; 10x375,000 =3, 750,O0O=the foot-pounds of the waterfall. Divide 
3,7.=>0,000 by 33,000, and we have 113.63 h. p., as the power of the fall. 

The power of a ste:im-engine is calculated by multiplying together the area of 
the piston in inches, the mean pressure in pounds per square inch, the length of 
the stroke in feet, and the number of strokes per minute, and dividing by 33,000. 

Water-wheels yield from 50 to 91 per cent, of the water. The actual power of 
a steam-engine is less than the indicated power, owing to a loss from friction; the 
amount of this loss varies with the arrangement of the engine and the perfection 
of the w trkmanship. 

To compute the number of teeth in a pinion to have any given velocity. Multi- 
ply the velocity or number of revolutions of the driver by its number of teeth or 
its diamet-r, and divide the product by the desired number of revolutions of the 
pinion or driven. 

To compute the diameter of a pinion, when the diameter of driver and the 
number of teeth in driver and pinion are uiven. Multiply the diameter of driver 
by the number of teeth in the pinion, and divide the product by the number of 
teeth in the driver, and the quotient will be the diameter of pinion. 

To compute the number of revolutions of a pinion or driven, when the number 
of revolutions of driver and the diameter or the number of teeth of driver and 
driven are given. Multiply the number of revolutions of driver by its number of 
teeth or its diameter, and divide the product by the number of teeth or the 
diameter of the driven. 

To ascertain the number of revolutions of a driver, when the revolutions of 
driven and teeth or diameter '<f driver and driven are given . Multiply the num- 
ber of teeth or the diameter of driven by it^ revolutions, and divide the product 
by the number of teeth or the diameter of the driver. 




IbeSIon-FlsiiblsSlurL. I have i«?lcd the power required Co drire 
opernted by IheH BliiifU, ■t]d rnand (be molinn u alcHdJ u though driTcn bj a 
dlnwy shfBiing. This lool ia used to pcrfOrni, bjpomer, i Urge uluss of nperaHol 
■n attiBlrf Uiat thej can. wilhout il, only be done by hand. Thus Ihe cat shof 
it na lued for drilling holes iu h pivce (no hcxTy to be r'ui'd under the atuICTiuH 
drill prera.roMiy motion being inuiimitted from tlie puHryat one end Is t) 

■with tlw pulley end jtod, tho worldiig tool may bo placed anywhere wilh, 
naoh of (he shaft. 
The shift ooMisti, eMendiilly, of a tcToiving car/. B, cnmpostd of a eerie* j 

A, miuie of a hollow cril nf eteel wire, corrred with le.itiier. The shaft » mai 
in nine atzci with appropriate drilla capable of drUlipg boles in metml Ihli 

wood boiing, slnno workine and poUshinc, emery grinding 
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Notes on Water Plow, &c. 



Note fI^st. 



Water, like all otncr bodies when in motion, dislikes to change the direction of 
that motion and this resistance to change increases with the square of its velocitj. 
For instance, to turn a quarter circle m a pipe which is bent on a circle of ten 
times its own diameter, requires additional force or " head" ; when the water 
moves but one foot per secoud ; this additional head is but the one-thousandth of 
a foot, but at a velocity of ten feet per second the resistance is one-tenth of a foot 
head (100 timrs as much) , this is an easier bend than is generally found in mill 
work ; when the circle is 1\ times the diameter of the pipe this resistance is double ; 
and here begins the heavier resistance, for from this to turning; a square comer 
it has increased to 16 times that first noted ; and as will be easily seen, in the case 
of short turns with high velocity^, destroys much of its power. 

One of the commonest and easiest turns which we see given to water is in the 
scroll of an ordinary wooden wheel. Supposing this scroll to be 72 inches in diam- 
eter with a 12-inch spout leading to it ; that is, the diameter of the scroll is 6 times 
that of the spout and the velocity of water 25 feet per second(:=10 feet head). To 
maintain this velocity requires an additional heaa of 2^ feet, but as this loss is 
hidden by the reduced velocity of the water caused by its impact on the buckets, 
and also rapidly grows less with its reduced velocity as shown in the first part of 
the note, it is very generally ignored and sometimes denied altogether. 

NoTB Second. 

As a corollary of note 1st we see that as an abrupt change of direction requires 
power to overcome, the less we have of it in the chutes which admit water to the 
wheel, the better, as any force expended here is so much taken from the amount 
which can reach the wheel; while changing the direction of the water by the 
form of the wheel itself, is applying this force where it does its work. 

Note Third. 

Loss of head from insufficient conduit. Water wheel builders lay great stress on 
this and generally give rather exatrgerated views. The error is on the safe side, 
aud when practicable it is well to follow their suggestions. It sometimes becomes 
necessary, however, to use trunks for supplying wheels which from original con- 
struction or want of room have less size than would be desired. It therefore 
becomes necessary to know what this loss is. Here comes the mooted question, 
whether this loss is that due to the head necessary to prod nee the recjuired veloc- 
ity or only that necessary to maintain this velocity in the conduit. Without enter- 
ing into the arguments on the subject, some of which are rather more curious 
than useful, it is sufficient to say that but little if any loss is found to exist, except 
that due to the frictional resistance of the conduit, and this is measurable. 

The foUowinsr table, abridged from ** Beardman's Manual of Hydrology," 
covers most of the cases required in ordinary practice. 

Table of slope or fall in feet, and cubic feet discharged by pipe running full. 
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810 

798 

1.640 

2.864 

4.618 
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9.274 

12.446 
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From this table the mill owner can find what he can do with diflferent sized 
conduits; makiner thesf> square instead of round would be an ample allowance in 
size for roughness or irregularity of construction. 
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For the tables " Heads in feet due Velocities, Spurting Velocity due Heads 

for each .001 Feet and one Foot Weir," I am indebted to the courtesy of James B. 

Francis of Lowell, Mass. For these and many other arts of kindness my sincere 

thanks are here returned. 

James Emersox- 

Interest. 



To calculate interest at 6, 7, 8, 9, and 10 per cent, per annum. 
RuLE^When the rate is 6 per cent., multiply principal by number of days, and 
divide by 6083— quotient will be answer in dollars and cents ready pointed 
off. Example : What is the interest on $125.25 for 1 year, 5 months 9 days 
at 6 per cent. No. of day8=527 X 125.25-5-6083=$10.85 answer. 

Rule— When rate is 7 per cent, multiply principal by number of days, and 
divide by 5214. 

Rule— When rate is 8 per cent, multiply principal by number of days, and 
divide by 4563. 

Rule— When rate is per cent, multiply as above, and divide by 4055. 

Rule— When rate is 10 per cent, multiply as above, and divide by 3650. 

To find divisor for any given rate of interest— multiply 365 by 100, and divide 
the product by the given rate of interest. 



